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many conflicting claims have been made about virtually 
every coal tar epoxy coating the market that prospective 
users are finding difficult fish out the facts from sea 
superlatives. 


Perhaps you can find your answer duplicating any all 
these laboratory tests comparing the four leading coal tar epoxies. 


THE TESTS: The rods and panels illustrated here were carefully 
coated the four manufacturers’ specifications and then 
subjected for three months the corrosive agents indicated 
above. The wide range tests included varying concentrations 
chemicals, ambient and elevated temperatures, weathering 
and all usual types exposure. 


THE RESULTS: Some results were predictable, such the 
failure all four coatings withstand aromatic petroleum 
hydrocarbon solvent. But striking differences occurred such 
tests oxygenated salt water, when only Coating 
No. 78) resisted undercutting. Products and were 
all blistered and undercut varying degrees. none the 
remaining tests was Amercoat No. excelled, and most 
cases showed marked superiority. 
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CONFIRMATION: The properties attributed No. these 
tests have been substantiated repeatedly actual field use. 
Applicators like because (1) gives dependable, all-around 
protection, (2) sprays more easily than competitive products, 
(3) builds thick films without difficulty because its higher 
solids content, and (4) dries thoroughly but moderate 
rate, avoiding the extremes prolonged tackiness and fast-dried 
brittleness. 


Because the unusual importance these tests prospective 
users coal tar epoxy coatings, have prepared illustrated 
copies the complete report. Write for yours today! 


(Amercoat No. was formerly designated No. 1686) 
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The new “squeeze” method applying Corban® 
polar-type corrosion setting new 
records for long-time corrosion protection oil and 


gas wells. 
The “squeeze” method involves pumping liquid Corban 
back into the producing formation. The Corban then 
gradually produced back with your normal production over 
plates out protective film the metal equipment 
gives extended contacted the well fluids. 
rotection—six months and more—to many problem wells, 
Ask your nearest Dowell station office for case 
histories wells squeezed with Corban, and for recom- 
mendation engineered for your wells. Corban now 
vard readily available from any the 165 Dowell offices. 
Canada, call Dowell Canada, Ltd.; Venezuela, United 
Oilwell Service. write Dowell, Tulsa Oklahoma. 
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When America’s First Passenger Cargo Ship Goes Sea... 


BRIDGEPORT EVAPORATOR TUBES WILL ABOARD 


The Nuclear Ship, Savannah, first America’s nuclear- 
powered merchant ships, now under construction New 


York Shipbuilding Corporation, will the first sea-going 
example atoms for peace the world. 


She will embody the latest nuclear design, technology 
and equipment. Part Savannah’s modern equipment will 
Cleaver-Brooks Flash Evaporators with their Bridgeport 
90-10 Cupro-Nickel tubes. These evaporators combine fast 
evaporation, low rate scale formation, simplicity opera- 
tion, and low installation and operating costs. Their uninter- 
rupted service depends, large measure, the quality 
the evaporators’ tubes while meeting highly varied “world- 
wide” corrosive media. 


Bridgeport 90-10 Cupro-Nickel tubes have excellent 
operating record ship and shore record 
based nearly century progress the manufacture 
condenser and heat exchanger tube wide range alloys. 


Whatever your needs—ashore sea; atomic more 
conventional, new construction retubing you'll find that 
they will completely fulfilled Bridgeport’s Condenser 
und Heat Exchanger Tubes. And Bridgeport’s Technical 
Service Staff always ready assist you every way. Call 
your nearest Bridgeport Sales Office, write for copy the 
Bridgeport Condenser Tube Handbook, Dept. 5803. 


BRIDGEPORT BRASS COMPANY 


Bridgeport Conn. Sales Offices Principal Cities 
Specialists Metals from Aluminum Zirconium 
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Corrosion and other water damage key points 
cooling and service water systems can tie 
entire plant. Costly equipment can damaged 
beyond repair. Replacement costs and the losses 
caused unscheduled outages far outweigh the 
modest cost adequate protection. 

Call Calgon Engineering Service insure 
protection the entire system. From cooling 
towers through, the Calgon engineer can save 
you money and time. Experience with every type 
water problem all parts the country, 
backed complete laboratory facilities, 
your service. 

Corrosion control with Calgon* only one 
the many services available. letter phone call 
will bring man with the water problem answers 
work for you. 


WATER PROBLEMS IN... 


CALGON HAS THE ANSWER 
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*Calgon the Registered Trademark Calgon Company for its sodium 
phosphate glass (sodium hexametaphosphate) products. The use poly- 
phosphates for the prevention corrosion covered Patent 
2,337,856, 


CALGON 


DIVISION HAGAN CHEMICALS CONTROLS, INC. 


HAGAN BUILDING, PITTSBURGH 30, PA. 


Canada: Hagan Corporation (Canada) Limited, Toronto 
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resists corrosion after three years service 
Southland Paper Mills, Lufkin, Texas 


Republic ELECTRUNITE® 
E.M.T. stopped costly corrosion Southland 
Paper Mills, Lufkin, Texas. 

Previously, standard conduit had re- 
placed frequent intervals certain locations 
exposed tremendous quantities steam, 
moisture, and chemical fumes. After three years 
service, Republic’s extra tough 
Coated” E.M.T. still excellent condition— 
has required maintenance, gives promise 
continued years usefulness. 

Here’s why: Tough, corrosion-proof poly- 
ethylene applied over the galvanized steel 
finish. Republic ELECTRUNITE E.M.T. below 
this plastic-coat surface. produced from 
highest quality flat-rolled open-hearth steel 
made Republic’s own mills, carefully 
inspected Republic’s rigid manufacturing 


specifications. Available full range 
E.M.T. sizes and complete range rigid 
conduit sizes. 

E.M.T. easy install. 
can cut length and bent fit with ease. 
Moisture-tight, continuously grounded, corro- 
sion-protected joints are made wrapping the 
threadless connectors and couplings with plas- 
tic tape. Complete protection assured from 
end end. 

Avoid lost production time and costly delays. 
Keep essential lighting and power lines operat- 
ing using Republic ELECTRUNITE 
Coated” E.M.T. severe corrosive conditions 
meets electrical codes and specifications. For 
additional data, details, call your Republic 
representative, send coupon today. 


Republic ELECTRUNITE E.M.T. stopped costly corrosion the Southland Paper Mills, Lufkin, Texas. 
After three years service, extra tough E.M.T. still excellent condition. 
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REPUBLIC MATERIALS HANDLING IDEAS save space, 
cut costs, improve inventory control. Here, Repub- 
lic Box and Skid Units are used combination 
with special hoppers designed Dresser Indus- 
tries, Wellsboro, Pa. Opening front box 
hooks and locks hopper. Lift truck operator 
trips dumping mechanism with truck forks, elimi- 
nates idle machine time. Let Republic help solve 
your materials handling and storage problems. 
For complete information, call write today. 
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REPUBLIC METAL LUMBER® time, space, and 
money! Precision engineered system short 
slots placed allow vertical and horizontal 
adjustment, offers unlimited applications. Simply 
measure, cut, assemble. Bonderized resist rust 
and damage. Baked enamel finish. Delivered 
bundles angles, .080 gage .104 gage, 
10- 12-foot lengths, bolts and nuts included. 
Send coupon for idea-packed catalog. 


STAINLESS STEEL ASSURES PURE COLORS, UNIFORM 
QUALITY. This battery color storage tanks was 
recently installed The Chillicothe Paper Com- 
pany paper mills Chillicothe, Ohio. Fab- 
ricated from Republic ENDURO® Stainless Steel, 
the tanks are indicative Chilpaco’s widespread 
use modern stainless steel equipment pro- 
ducing wide variety quality products. You, 
too, can enjoy the many advantages and econ- 
omies stainless. Call your equipment supplier. 


REPUBLIC STEEL CORPORATION 


1441 REPUBLIC BUILDING CLEVELAND OHIO 


Please send information the following: 

Republic Dekoron-Coated” E.M.T. 
Republic Materials Handling Equipment 

Republic METAL LUMBER 

Republic ENDURO Stainless Steel 
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City. 
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8-PAGE FOLDER 
TELLS HOW 

LOWER OVERALL COSTS 


you have anything with maintenance 
equipment structure, with the costs that 
result therefrom, this folder may extremely 
useful you. gives rational basis for paint 
and painting specifications, and tells how all 
surface and area exposures can classified into 
the Four Categories Corrosion. 

all other phases engineering, both un- 
derdesign and overdesign maintenance painting 
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carry economic penalties. Either one will show 
sooner later the overall cost sheets. Although 
Hercules does not make any finished paints 
coatings, have had over twenty-five years’ 
practical experience with Parlon® chlorinated 
rubber, key material for corrosion-resistant and 
high-performance maintenance paints. 

This booklet has been written with this back- 
ground experience. Write for your copy. 


Cellulose Products Department 


HERCULES POWDER COMPANY 


INCORPORATED 


900 Market Street, Wilmington 99, Delaware 


CR 59-5 


“ 
South 
Union 
South 
arch 
New 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


(Continued From Page 8) 


Philadelphia Section 


Deichler, Chairman; Mechani- 
cal Inspection Dept., Atlantic Re- 
fining Co., Refining Division, 3144 
Passyunk Ave., Philadelphia, Pa. 

E. D. Bossert, Vice Chairman; 190 
— Trooper Road, Norristown, 

D. F. Woolley, Secretary-Treas- 
seers 303 Landsende Road, Devon, 


Pittsburgh Section 

Research Lab., Monroeville, Pa. 

Oil Corp., Pittsburgh, P 

Grant Snair, Secreta 
Ludlum Steel Corp. 


Pa. 

John Vrable, Treasurer; New 
State Natural Gas 
Gateway Center, Pittsburgh, 


Schenectady-Albany-Troy Section 

Dr. Cataldi, Chairman; Gen- 
eral Electric Company, Building 
Road, Schenectady, New 


Williams, Sec.-Treas.; SAR 
Auxiliary System Knolls 


Atomic Power Lab., 
Bldg. P-2, Schenectady, New York 


@ Southern New England Section 

E. A. Tice, Chairman; The Interna- 
tional Nickel Company, Pearl 
Street, Hartford, Conn. 

Archer B. Hamilton, Vice-Chairman; 
The Hartford Gas Company, 233 
Pearl, Hartford 4, Conn. 

William Steinert, Secretary-Treas- 
uerer; A. V. Smith Company, P. O. 
Box 476, West Hartford, Conn. 

@ Wilmington Section 


T. F. Degnan, Chairman; 701 West 
22nd, Wilmington Delaware 


James M. Brady, Secretary Treasurer; 
Haveg Industries, Inc., 900 Green- 
bank Road, Wilmington Delaware 


SOUTHEAST REGION 


John West, Director; Aluminum 
Company America, 1615 Peach- 
tree St., N. E., Atlanta, Ga. 


Robert Williams, Chairman; Cela- 
nese Corporation, 107 Cedar Lane, 
Charlotte, 

George M. Jeffares, Vice-Chairman; 
Plantation Pipe Line Co., P. O. 
Box 1743, Atlanta, Ga. 


John Jr., Sec.-Treasurer; 
American Tel. Tel. Co., Brown 
Marx Bldg., Birmingham, Ala. 


James English, Asst. Sec.-Treas- 
urer; Oak Ridge National Lab., 223 
Virginia Rd., Oak Ridge, Tenn. 


@ Atlanta Section 


C. Jay Steele, Chairman; Steele & 
Associates, Inc., 1008 Crescent 
Avenue, N. E., Atlanta, Ga. 


James McArdle, Vice-Chair- 
man; American ephone Tele- 
graph Company, 917 Hurt Build- 
ing, Atlanta, Ga. 

Howell, Jr., Secretary-Treas- 
urer; Southern Bell Telephone 
Telegraph Company, Room 431 
Hurt Building, Atlanta, Ga. 


@ Birmingham Section 

Ralph M. Cunningham, Chairman; 
Steele & Associates, Inc., 616 Caro- 
lyn Courts, Biscayne Highlands, 
Birmingham, Ala, 

John B. Paisley, Jr., Vice-Chairman; 
American Tel. & Tel. Co., 1534 
Brown Marx Bldg., Birmingham, 


Ala. 

Marion M. Fink, Secretary-Treasurer; 
Tennessee Coal & Iron Div., Ss. 
Steel Corp., Electrical Lab., 
Box 599, ‘airfield, Ala. 

Lawrence Hicks, Assistant Secretary- 
Treasurer; Southern Natural Gas 
Company, O. Box 2563, Bir- 
mingham "2. Ala. 


Carolinas Section 

Ray Penrose, Chairman; Alumi- 
num Co. Americaa, 1000 Wach- 
ovia Bank Bldg., Charlotte, 

Robert Gardner, Jr., Vice Chair- 
man; Koppers Co., Inc., Tar Prod- 
ucts Div., P. O. Box 1688, Char- 
lotte, N. 

David Anderson, Secretary-Treas- 
urer; International Nickel Co., 
Inc., Box 262, Wrightsville 
Beach, N. C. 


East Tennessee Section 


James McLaren, Chairman; Oak 
Ridge National Laboratory, Div. 
Union Carbide Corp., Box 
Oak Ridge, Tennessee 


Knox, Sec.-Treas.; Oak 

National Laboratories, 

Building 4501, X-10, Oak 


Jacksonville (Fla.) Section 


John Hancock, Chairman; 
Water Utilities, City “J Jackson- 
ville, Utilities Bldg., 34 S. Laura 
Street, Jacksonville, Fla. 


Miami Section 

E. J. Tilton, Jr, Chairman; Florida 
3100, Miami 30, Fla. 


N. H. Bollinger, Vice Chairman; 
Peoples Water & Gas Co., P. O. 
Box 1107, North Miami, Fla. 

Botsford, Secretary-Treasurer; 
69th Miami 38, Fla. 


Ohio Valley Section 

Harold J. Smith, Chairman; General 
Electric Co., Appliance Park, Bldg. 
Room 249, Louisville, Ky. 

John Heintzman, Secretary-Treas- 
urer; Southern Bell Tel. & Tel. Co., 
534 Armory Place, Room 404, Louis- 
ville, Ky. 


Tidewater Section 


inia Electric Power Co., 
1194, Richmond, Virginia 


Spicer, Vice-Chairman; 

The Chesapeake & Potomac Tele- 

phone Co. of Virginia, 703 East 
Grace Street, Richmond, Virginia 


Otis J. Streever, —_ -Treasurer; 
Newport News Shipbuilding & Dry 
Dock Company, Newport News, 
Virginia 


J. C. Spalding, Jr., Director; Sun 
Oil Co., Box 2880, Dallas, Tex. 

Caldwell, Chairman; Humble 
Oil & Refining Co., Box 2180, 
Houston, Tex. 

W. F. Levert, Vice Chairman; United 
Gas Pipe Line Co., P. O. Box 1407, 
Shreveport, La. 


D. H. Carpenter, Secretary-Treas- 
urer; Aquaness Department, Atlas 
Powder Co., P. O. Box 8521, Okla- 
homa City, Okla. 

Thorn, Assistant Secretary- 
Treasurer; Southwestern Bell Tele- 
phone Co., Box 2540, San 
Antonio, Tex. 

Jack P. Barrett, Trustee-at-Large; Pan 
American Petroleum Corp., 
Box 591, Tulsa, Okla. 

Alamo Section 

Leon Ashley, Chairman; United Gas 
Pipe Line Co., P. O. Box 421, San 
Antonio, Tex. 

Kneuper, Vice Chairman; City 
Public Service Board, P. O. Box 
1771, San Antonio, Tex. 

Southwestern Bell Telephone Co., 
107 Tanglewood, San Antonio, Tex. 

Max F. Schlather, bei United 
Gas Pipe Line Co., P. O. Box 421, 
San Antonio, Tex. 


Central Oklahoma Section 

Geo. Evans, Chairman; South- 
western Bell Telephone Co., 2462 
N. W. 37th Place, Oklahoma City 
12, Okla. 


Frank B. Burns, Vice Chairman; 
General Asphalts, Inc., Box 
305, Wynnewood, Okla. 


Truel E, Adams, Secretary-Treasurer; 
Consolidated Corp., 
ot Box 1439, Oklahoma City 1, 


Frank Burns, Trustee; General As- 
phalts, Inc., Box 305, Wynne- 
wood, Okla. 


Corpus Christi Section 


William R. Taylor, Chairman; oe 
Box 162 Corpus Christi, 


Fred Reeb, Vice Chairman; Pipe 
Line Service Corp., Box 578, 
Corpus Christi, Tex. 


James Leon Lankford, Secretary- 
Treasurer; Lankford Painting Co., 
Inc., Box 4009, Corpus 
Christi, Tex. 


Paul Laudadio, Trustee; Briner Paint 
Mfg. Co., 3713 Agnes St., Corpus 
Christi, Tex. 


@ East Texas Section 


Carroll, Chairman; Humble 
Oil Refining Company, Box 
127, Overton, Texas 


Omar L. Emrick, Vice Chairman; 


Tidewater Oil Company, Box 
Scroggins, Texas 


Gene E. Smith, Treasurer; Lone Star 
Steel Company, 1012 Bledsoe St., 
Gilmer, Texas 


Ike Hartsell, Secretary; Tretolite 
Company, P. O. Box 1181, Glade- 


water, Texas 
Jim Orchard, Trustee; Nocor Chemi- 


cal Company, Box 54, Long- 
view, Texas 


@ Greater Baton Rouge Area Section 


Arthur H. Tuthill, Chairman; Valco 
Engineering, Inc., P. O. Box 2918, 
Baton Rouge, La 


Donald C. Townsend, Vice Chair- 
man; Ethyl Corp., Box 341, 
Baton Rouge, La. 


W. E. Doescher, Jr., Secretary- 
Treasurer; Levingston Supply Co., 
P. O. Box 2670, Baton Rouge, La 


Trustee; Esso Standard 
Oil ’P. O. Box 551, Baton 


Houston Section 


Wood, Jr., Chairman; Prod- 
Mercer, Houston, Texas 


Box 19393, Houston 24, Texas 


Melvin, Secretary-Treasurer; 
Carboline Company, Box 
14284, Houston 21, Texas 


Charles L. Woody, Trustee; United 
Gas Corporation, Box 2628, 
Houston 2, Texas 


New Orleans Section 


Keith J. Ebner, Chairman; Texaco 
Inc., P. O. Box 7, Harvey, La. 
Earl D. Gould, Vice-Chairman; Con- 


tinental Oil Co., Drawer 68, 
Harvey, La. 


Joe Redden, Secretary-Treasurer; 
Paint and Varnish Works, 
Box 13216, New Orleans, La. 


O. L. Grosz, Trustee, The California 
ried P. O. Box 128, Harvey, 


North Texas Section 


R. B. Bender, Chairman; Tejas Plas- 
tic Material Supply Co., Box 
Ft. Worth, Tex. 


Donald Taylor, Jr., Vice 
man; Otis Engineering Corp., 
35206, Dallas 35, Tex. 


Jerry 
urer; Atlantic Refining Co., 
2819, Dallas, Tex. 


ower Light 1506 
, Dallas, Tex. 


Panhandle Section 


Edminster, Chairman; Cabct 
Company, Box 
Pampa, 


Huber Corp., Ist Huber 
Camp, Borger, Texas 


Tinker, Secretary-Treasurer; 
Phillips Petroleum Co., Box 
Texas 


Jack R. St. Clair, Trustee; Dearborn 
Chemical Co., Box 23, 


Texas 


Permian Basin Section 


Roscoe Jarmon, Chairman; Permian 
Enterprises, P. O. Box 4132, Odessa, 
Tex, 

Kirk Harding, First Vice Chair- 
man; Gulf Oil Corp., Box 362, 
Goldsmith, Tex. 

R. C. Booth, Second Vice Chairman; 
Plastic Applicators, Inc., Box 2749, 
Odessa, Tex. 

R. F. Weeter, Secretary-Treasurer; 
Magnolia Petroleum Co. » Box 633, 
Midland, Tex. 


John Gannon, Trustee; Texaco Inc., 
Box 1270, Midland, Tex. 


@ Rocky Mountain Section 


Herbert Goodrich, Chairman; 
Tel. Tel. Co., 810-14th 
Denver, Colo. 


ane K. Wheatlake, Vice Chair- 
man; Wheatlake Co., 1318 
So. Milwaukee St., Denver 10, 


Wm. McKinnell, Jr., 
Box 269, Littleton, Colo. 


John Hopkins, Trustee; Protecto 
Wrap Co., 2255 So. Delaware St., 
Denver 23, Colo. 


Sabine-Neches Section 


Paul McKim, Chairman; Socony Paint 
Products Company, Box 2848, 
Beaumont, Texas 


John L. Henning, Jr., Vice Chairman; 
Gulf Oil Corp., Box 701, Port 
Arthur, Texas 


Elmer N. Coulter, Secretary-Treas- 
urer; Cities Service Refining Corp., 
Basic Laboratory, Lake Charles, 
Louisiana 


Jesse Baker, Trustee; 2950 Lucas 
Drive, Beaumont, Texas 


Shreveport Section 


John Wise, Chairman; Arkansas- 
Louisiana Gas Co., Box 1734, 
Shreveport, La. 


R. P. Naremore, Vice Chairman; 
Arkansas Fuel Oil Corp., 
Box 1117, Shreveport, La. 


Grady Howell, Secretary; Tube-Kote, 
700 Dodd Drive, Shreveport, 
Tefankjian, Treasurer; 178, 
Bruce Street, Shreveport, La. 

Sullivan, Trustee; 2302 Thorn- 
Shreveport, La. 
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sulfuric acid 


Byers PVC Pipe can 
out-perform stainless 


1/5 the cost 


Stairiless steel pipe often fails where Byers PVC Pipe 
doesn’t. 

Typical are sulfuric acid applications. Here, Byers PVC 
Pipe will not only out-perform stainless terms corrosion 
resistance also costs less. Only 1/5 the cost stainless. 
That’s why specification Byers PVC Pipe makes such 
solid sense this service. 

The versatility Byers PVC Pipe makes ideal for many 
other corrosive services where metal pipe either unsatis- 
factory quite costly. Here are few: acid fume vent piping, 
acid reactor blowoff lines, drain and sewer lines, and process 
lines handling acids, alkalies, oxidizing agents, alcohols, 
brines, plating solutions, slurries, and many other fluids. 

Where product purity important, Byers PVC Pipe 
especially suitable. will not contaminate. 

talk with trained Byers field service representative 
can cut your corrosion bills, save you money. obligation, 
ever. Byers Company, Clark Building, Pittsburgh 
22, Pennsylvania. 


ALSO SHEET AND ROD STOCK 


BYERS PVC PIPE 


Byers PVC Pipe available sizes through 6”, 
schedules 40, and 120. 

Type compounded pure PVC resin for normal 
impact and outstanding corrosion resistance. 

TYPE compounded pure PVC resin which has 
been added modifier for high impact resistance 
mechanically punishing applications. 


Write our Engineering 
Service Department 
for copy new 32- 
page illustrated cata- 
log Byers PVC Pipe. 


Now you can predict service life because Byers PVC Pipe Engineering brings factual approach piping 
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Left right, Bill Borton, Tube-Kote’s Midland, plant-manager, 
Ken Miller, sales representative Hobbs, New Mexico, 


MIDLAND 


Designed serve the specific corrosion and paraffin control needs the 
Permian Basin, western Oklahoma and New Mexico, Tube-Aote’s new plant 
occupies 17-acre plot Tower Road Midland, Texas. The quarter-million 
dollar facility can coat 8000 feet oil field tubular goods per day 
with completely automated process. Consistent, laboratory-controlled 


quality assured. 


Service Mark Reg. Pat. Off. 


Box 20037 Houston 25, Texas 


Case Histories Request 
Ask for actual case histories that dramatically show how Tube-Kote tubular Branch Plants: Harvey, Louisiana 
coatings can save you money when you’re faced with corrosion problems. Midland, Texas 
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Bitumastic Super- 
Service Black—ex- 
cellent heavy-bodied 
protection for structur- 
als, tanks, equipment, 
and concrete, too. 


Bitumastic Hi-Heat 
the name 
implies: special zinc- 
base coating for stacks, 
boilers, other hot spots. 


GRAY 


Bitumastic No. Bitug 


—the thickest protec- 
cor 

service! ing 


coating but with coal 
unique protective 
ability. 


Bituplastic No. 
—almost equal body 


coating. 


Bitumastic Tank 
Solution—for potable 
water tanks and the like 
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BITUMASTIC COATINGS 


with most engineering problems, there’s 
one, pat answer all corrosive conditions: 
that’s why Koppers designed the /ine coat- 
ings under the Bitumastic® label. Covering 
broad range cost and protective ability, 
likely that the one best solution your 
corrosion problem can found among the 
—almost impor- coatings the Bitumastic line. 
tant our fine product, The common denominator the protective 
specialists corrosion. 
nature’s own “wonder material” that has 
unique resistance oxidation and water pene- 
tration, common causes coating system 
failures. The magical properties coal tar 
story themselves, however, and 
glad send you booklet that describes 
them more fully. 

fact, you’re not familiar with Bitu- 
mastic protective coatings, glad send 
any all the literature noted below. 
perhaps you’d like review your problem 
with Koppers representative experi- 
enced Bitumastic distributor. Just indicate your 
choice the coupon below. obligation, 
course. 
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Bitugloss Aluminum 
decorative top-coat 
for Bituplastic No. 28, 
this coating has amaz- 
ing gloss-retention. 


KOPPERS 
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Koppers Company, Inc. 
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The National Association Corrosion Engineers non-profit, scientific 
and research association individuals and companies concerned with 
corrosion interested it, whose objects are: 


(a) promote the prevention corrosion, thereby curtailing economic waste and con- 
serving natural resources. 


(b) provide forums and media through which experiences with corrosion and its prevention 
may reported, discussed and published for the common good. 


(c) encourage special study and research determine causes 
corrosion, and develop new improved techniques for its prevention. 


(d) correlate study and research corrosion problems among technical associations 
reduce duplication and increase efficiency. 


(e) promote standardization terminology, techniques, equipment and design cor- 
control. 


(f) contribute industrial and public safety promoting the prevention corrosion 


(g) foster cooperation between individual operators metallic plant and structures 
the joint solution common corrosion problems. 
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industries and governmental groups well between individuals and corporations. 
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the organization. Election the membership. 
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Introduction 


ALUMINUM made the 
anode cell containing sul- 
furic acid solution the electrolyte, 
film aluminum oxide forms the 
metal. This film, because the solvent 
action the acid, porous and may 
formed considerable thickness. 
Such films are interest because they 
protect the aluminum metal from cor- 
rosion. The corrosion protection 
greatly increased treating the film 
with hot water steam.* The work de- 
scribed here was carried out order 
gain information about these sealing 
treatments. 

Burwell and May’ have investigated 
techniques for quantitatively studying the 
permeability characteristics anodic 
aluminum oxide films. They examined 
films isolated from the metal the 
action mercuric chloride solutions, and 
also films prepared complete anodiza- 
tion aluminum foil. They found that 
the films liberated mercuric chloride 
solution were less permeable. They also 
found that continued exposure the 
anodizing electrolyte after anodizing re- 
sulted considerable increase 
permeability. 

One the investigations reported 
Burwell and May was the measurement 
the electrical characteristics the 
film immersed solutions electrolyte. 
similar type measurement, with 
modifications, was used the work de- 
scribed here. The films used this 
work were isolated dissolving the 
aluminum metal iodine-methanol so- 
lution recommended Pryor and 
Keir.’ This solution gave clean, uncon- 
taminated films. 

The treatment the anodized sample 
with hot water steam causes the for- 
mation boehmite.* There are two 
theories which attempt explain this. 
One theory proposes that the boehmite 
formed corrosion the aluminum 
metal, while the other contends that 
formed hydration the pre-exist- 
ing aluminum oxide. 


Submitted for publication June 27, 1958. 
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June, 1959 


MacLENNAN 


Physical Chemistry Section, Naval Research 
Establishment, Dartmouth, Nova Scotia. He 
is engaged in a study of the properties of 
oxide films formed on aluminum and alu- 
minum alloys. He received BSc (1949) and 
MSc (1951) degrees from Dalhousie Univer- 
sity and a PhD (1954) degree from McGill 
University. 


has investigated the action 
boiling distilled water aluminum, 
including mechanically polished, electro- 
polished and anodized specimens. Dif- 
fraction patterns indicated that boehmite 
thickness increased with immersion time. 
Hart concluded that the boehmite was 
produced the reaction hydroxyl 
ions with aluminum ions which move 
outward from the metal. presented 
further evidence for this theory. car- 
ried out electron diffraction study 


formed ammonium borate solu- 


tions, which were partially isolated from 
the metal. found that the boehmite 
pattern was present the oxide film 
near the edges the metal but absent 
from the center large areas film. 
concluded that the boehmite 
formed only the immediate neighbor- 
hood aluminum. 

Work with much thicker aluminum 
oxide films, however, indicates that these 
are hydrated boehmite. 
working with films formed 
acid solution, has shown means 
weight gain measurements and electron 
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Abstract 


Aluminum oxide films, prepared anodiz- 
ing aluminum in sulfuric acid solution, were 
isolated from the metal and studied. An 
impedance cell was developed which the 
electrical properties of the films were in- 
vestigated. 

Results indicate that the pores the 
film are partially blocked hot water 
steam sealing treatments. Also, it is shown 
that the boehmite, formed during sealing, 
results from hydration of the pre-existing 
oxide film rather than from corrosion of the 
aluminum metal. 3.8.4 


diffraction patterns that water sealing 
films effective both attached and 
detached films. This shows that this 
case the sealing occurs hydration 
the oxide and that the presence me- 
tallic aluminum unnecessary. 

The present investigation shows that 
the measured electrical characteristics 
isolated thick films are dependent upon 
the sealing treatment but are not in- 
fluenced the presence absence 
aluminum during the sealing operation. 


Experimental 
Preparation Films. 

Anodizing. Strips (99.0 per- 
cent aluminum sheet, three inches 
one inch 0.02 inch, were cleaned 
wiping with varsol. They were partially 
coated with electroplating tape that 
well defined area one square inch 
one side each sample was exposed. 
Each aluminum strip was then made the 
anode percent (by volume) sul- 
furic acid solution, and current 
milliamperes was passed for minutes. 
The sample was then thoroughly rinsed 
with distilled water and allowed dry. 


Isolating. The edges the unanodized 
side the dry sample were masked off 
with polystyrene cement order pro- 
tect them from the isolating solution 
and thus provide metal frame for the 
isolated film. The sample was then 
placed iodine-methanol solution 
(10 iodine/100 methanol). This 
solution dissolved the aluminum from 
the unanodized side and left the oxide 
film unattacked. After isolation, the film 
was given several rinses methanol 
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Figure 1—Circuit for impedance measurements. 


order remove traces the solution. 
The oxide film obtained was transparent, 
approximately six microns thick (meas- 
ured micrometer) and quite brittle. 


Sealing. The sealing operation was 
carried out either before after the 
isolation the film. The steam treated 
films were suspended steam atmos- 
pheric pressure for minutes. The 
water treated films were 
boiling distilled water for minutes. 
This water was prepared boiling for 
minutes order expel dissolved 
air, and then cooling under vacuum. 
The samples were immersed the cool 
water, which was then boiled for 
minutes. was necessary cool the 
water before introducing the samples 
because isolated films broke when placed 
directly into hot water. 


Types. Five types films 
pared: 
Untreated. 
pheric pressure) before isolation. 
Fifteen minutes steam (atmos- 
pheric pressure) after isolation. 
Fifteen minutes boiling water be- 
fore isolation. 
after isolation. 


water 
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Measurement Electrical Characteristics. 


The impedance cell was made plas- 
tic and consisted two compartments, 
each which was two-inch cubic box. 
one face each cube, there was 
diameter hole. The compart- 
ments were placed side side, with the 
holes meeting, that the two sections 
were joined through the openings. The 
cubes were held this position 
elastic bands. Each 
tained platinum electrode, placed near 
the hole. 

Impedance measurements were made 
with impedance bridge. 
condenser was connected 
balance capacitance. All measurements 
were made 1000 cycles. 


cell was filled with electrolyte and 
the impedance measured (R,, C,). The 
cell was then emptied, dismantled and 
reassembled with aluminum oxide 
film separating the two compartments. 
was refilled with the same electrolyte 
and the impedance measured again 
(R, C). Readings were taken various 
time intervals during the first two hours 
that the electrolyte was contact with 
the film. 

The advantage this type cell 
its simplicity. easily assembled and 
dismantled. The film fits between the 
compartments, covering the holes. 
held position the mutual pressure 
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the compartments and tight seal 
obtained with lightly greased paper 
gaskets. Thus, not necessary use 
any cement the film. 


Results 


order obtain values which are 
representative the film, necessary 
eliminate the solution resistance from 
the measured quantities. The cell rep- 
capacitance circuits series: 


SOLUTION + FILM SOLUTION FILM 


The values and are calculated 
subtracting the circuit and from 
the circuit and Since the 
present work was always zero, the equa- 
tions are simplified to: 


R, = (R—~R,) —R, (1) 


where times the frequency the 
alternating current. 

The film may represented 
against C,. Figures and the re- 
sults are presented this way. For each 
film two points, joined straight line, 
are given. These points represent the 

different times. general, the 
point with the higher resistance was ob- 
tained during the first minutes that 
the solution was contact with the 
film. The other point was 
tween one and two hours later. The 
changes which occur resistance and 
capacitance during this period are small 
and permit direct comparison the 
various films. Results least two 
similar films are given for each set 
ted logarithmic paper order 
facilitate comparisons. 

Results show that there certain 
amount variation the characteris- 
tics films which were prepared the 
same way. This due the fact that 
each film was individually prepared 
room temperature and slight tempera- 
ture variations during anodizing would 
result film differences. However, these 
differences are very small compared 
the changes observed films that were 
given different treatments, and thus 
not interfere with the interpretation 
results. 


Discussion 


The widely accepted structure for this 
uniformly distributed over the entire sur- 
face, approximately perpendicular the 
surface, and extending through almost 
the entire oxide layer. thin imperme- 
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Figure 2—Impedance characteristics of untieated films in various electrolytes. 


able layer oxide exists between the 
bases the pores and the metal. The 
results presented here are compatible with 
this structure. 

The impedance characteristics un- 
treated aluminum oxide films various 
electrolytes, plotted Figure show 
that these quantities not vary with the 
electrolyte resistance. the impermeable 
layer oxide had been destroyed 
damaged the isolating process, the 
resistance exhibited the remaining 
porous film would dependent upon 
the resistance the solution carrying 
current through the pores. However, 
when solution resistance was varied 
factor ten, the variations the film 
parameters were small and random and 
can attributed differences the 
individual films. This indicates that the 


measured quantities are characteristics: 


the impermeable portion the film, 
and thus shows that the iodine-methanol 
solution isolates the complete film. 
Impedance characteristics films, 
after various treatments, are plotted 
Figure The resistances steam 
treated films are significantly higher and 
the capacitances significantly lower than 
those untreated ones. These changes 
are due decrease the size the 
pores. Since films treated after isolation 
from the metal exhibit the same charac- 
teristics those treated while attached, 
appears that the boehmite must 
formed hydration the oxide film. 
The hydrated form the oxide oc- 
cupies larger volume than the original 
oxide and, therefore, hydration will de- 
crease the pore size. 


‘work required clarify this point. 


IMPEDANCE CHARACTERISTICS ISOLATED ALUMINUM OXIDE FILMS 


0.001 


The resistances hot water treated 
films are significantly higher 
capacitances significantly lower than 
those the steam treated ones. This 
means that given period time, 
more hydration occurs hot water than 
steam atmospheric pressure. 
larger volume boehmite formed and 
the pores are blocked greater ex- 
tent. noted that this case, also, 
the impedance characteristics are not af- 
fected the presence absence 
aluminum metal during sealing. 

Hunter and have measured bar- 
rier layer thicknesses measuring the 
voltages required pass direct cur- 
rent through films aluminum anodes. 
They reported that the barrier layer 
thickness was reduced 
process. However, the impedance results 
reported here show that the sealing proc- 
ess increases the resistance the film 
the passage alternating current 
between two electrolyte solutions. 

possible explanation this dis- 
crepancy that during the sealing proc- 
ess, part the barrier layer 
verted boehmite. The boehmite offers 
negligible resistance the current the 
Hunter and Fowle type measurement 
and, therefore, the thickness the un- 
converted barrier layer measured. 
However, the boehmite offers consider- 
able resistance the current the im- 
pedance type measurement and, 
therefore, the results obtained depend 
the barrier layer and boehmite. Further 


Any discussion this article not published above 


will appear the December, 1959 issue 


UNTREATED 

STEAM BEFORE ISOLATION 
STEAM 
WATER BEFORE ISOLATION 
WATER ISOLATION 


0.01 


Figure characteristics, KCI, films after various 


treatments. 


Conclusions 

film formed anodizing alu- 
minum sulfuric acid, which consists 
thick porous outer layer and 
thin impermeable inner layer, 
removed from the metal the iodine- 
methanol method without damaging the 
thin layer. 

The sealing treatment causes par- 
tial blockage the film pores. 


the pre-existing oxide film. 

4.In given period time, more 
hydration occurs hot water than 
steam atmospheric pressure. 
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Rates Dissolution and Passivation 
Hafnium-Free Zirconium Hydrofluoric 


Introduction 


XCELLENT CORROSION 

ance most mineral acids one 
the outstanding non-nuclear properties 
phoric acids and aqua regia attack the 
metal slowly although hydrofluoric acid 
attacks quickly.’ 

The older literature given 
and the “Corrosion Fon- 
and stated that was 
rapidly attacked all concen- 
trations. general, was found that 
Hf-free (containing less than 0.1 per- 
cent Hf) was more corrosion resistant 
than the metal containing the usual 2.5 
percent Johnson and Hill’ observed 
that such was not attacked 
0.005N and less. concentrations from 
0.02 0.04N the formation gray 
film the surface the dissolving 
metal was reported. This film turned 
black during the reaction acid con- 
centrations 0.05 0.1N. 

Quantitative studies rates dis- 
and continued Smith 
and who employed radioactive 
tracer study the rates dis- 
solution. The two latter authors found 
that the plot, rate dissolution versus 
essentially straight line, independent 
the oxygen concentration the gas 
above the acid, and independent small 
and the acid. 

From this survey can seen that 
there has been very little quantitative 
HF. The intention the present study 
therefore (1) confirm the straight 
line relationship found Smith and 
Hill’ using entirely different method 
rate measurement, (2) investigate 
the influence rate additions 
some salts the acid, (3) find the 
composition surface layers formed 
dissolving and, (4) follow the po- 
tential changes this metal during var- 
ious stages corrosion and passivation. 


Materials, Equipment and Procedure 

The low-Hf contained percent 
0.04, 

After the metal was rolled, the stress 


was relieved annealing vacuum for 


minutes 700 From this sheet, 
approximately 1.6 thick, the samples 
for the experiments were cut. 


% Submitted for publication August 11, 1958. This 
paper was extracted from thesis Mr. Nei- 
man submited partial fulfillment the re- 
quirement for the master’s degree the Grad- 
uate School of the University of Missouri. 


® Obtained from U. S. Bureau of Mines, Albany, 
Oregon. 
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Hydrofluoric acid pro analyse (48 per- 
cent) was used for the preparation 
solutions various normalities. The nor- 
malities were determined titration 
against standardized NaOH, 
the presence phenolphtalein indi- 
cator. All the operations with contain- 
ing solutions were performed 
ethylene, polystirole, wax lined glass 
vessels. 


The rate dissolution was followed 
measuring the rate hydrogen evo- 
lution. the reaction with 
proceeds according equation 


(1) 


one dissolved should corre- 
standard conditions. The validity re- 
action (1) and also the purity 
used, was checked with apparatus 
previously (see Table 1). 

This average deviation per- 
cent from the theoretical value shows 
that the high purity and that 
Equation (1) correct. The equipment 
for the determination rates was essen- 
tially the same used previously 
similar studies with Ti.” 

The sample was mounted 
ebonite foot from the center 
the stirring rod angle de- 
grees toward the direction rotation. 
stirring speed 200 rpm was maintained 
throughout the experiments. The volume 
the acid was 125 ml, and the tem- 
perature all experiments was 0.1 

The samples were cut from the sheet 
mentioned, finished the size one cm’, 
and were mounted Bakelite. 


The rate dissolution was calcu- 
lated from 


(2) 
where the increase volume (re- 
duced standard conditions) during the 
time increment At. convert the 
into mg, the factor 2.035/1000 should 
used. 


Abstract 


The dissolution reaction is: 
conditions the experiments much faster 
than that of Ti, and is a linear function of 
the HF concentration (up to N = 0.5): 
dride film formed during its dis- 


solution. 
Fluoride additions KF, 


the acid initially increase the rate of dis- 
solution, When added in greater amounts, 
passivation of Zr is caused which is quite 
complete for NaF additions. The order 
NaF, apparently caused 
solubility of fluozirconate salt film forme 
on the metal. 


showed approach steady potential 
of about —0.74 volt with increasing con- 
centration the acid. The potential time 
curves had general logarithmic shape, 
the potential becoming more positive with 
elapsing time. Fluoride additions caused 
breakdown the initial film, formed dur- 
ing dissolution in = HF, and a sudden 
drop own —1.112 volt (in 
6.5 M NHsF). The potential gradually be- 
came more positive, because of the salt film 
formation on the surface of Zr, until a 
steady potential was reached. Of the three 
additions, NaF produced the most positive 
potential (—0.528 volt) and a complete 
passivation Zr. 6.3.20 


Rates Pure 


The rate dissolution reached 
maximum minutes after the 
start run and then decreased quickly, 
agreement with the work Smith and 
Hill.’ tenacious black film was formed 
all specimens except those 0.01N 
acid, where the film seemed ex- 
tremely thin, intermittent and gray 
color. 

average the rates over range 
where they were highest and nearly con- 
stant was used medium maximum 
rate for each run. Two and more runs 
were averaged for each concentration. 
The plot rate against concentration 
shown Figure can seen that 
there essentially straight line rate- 
concentration relationship with slight 
bend 0.25N HF. The equation for the 
straight line about 


which means that the rate dissolution 


the same acid. 


TABLE Evolution From Hf-free Presence Hydrogen and Air* 


Atmosphere | Zr in gm 
0.0624 
0.0410 
0.0735 
0.0639 
0.0524 


0.0464 
0.0436 
0.0493 


Vol of H2 in cm? Vol calc eq. 1 % 
30.39 30.67 +0.67 
20.48 20.15 +1.64 
36.32 36.12 +0.55 
31.65 31.90 —0.54 
25.92 25.75 —0.91 
22.79 22.80 +0.04 
21.40 21.40 +0.00 
24.85 24.20 ( +2.68) 


Average, last exp. excluded 


* Volumes at standard conditions. 
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Rates Presence Acid and 
Salt Additions (Passivation Phenomena) 


Nitric Acid Additions, Qualitative Tests 


Johnson and Hill’ found that additions 
nitric acid decreased the rate re- 
action with HF. 


Four wet samples with black 
film them were placed 16, 
and HNO, solutions respectively. 
gas evolution was observed. Then 


was added. Gas evolution started with 


simultaneous breakdown the black 
film soon the solutions became 0.1N 
with respect HF. However, the gas 
evolution soon decreased with the pheno- 
mena occuring most rapidly the 16N 


HNO,. The more dilute the nitric acid, 


the longer was the time required for 
passivation. The formation very 
shiny surface’ 
The passive specimens then were placed 
pure HF; the shiny surface 
changed very quickly black film 
and gas evolution started. However, 
was impossible reproduce the rates 


2 


icmmin. 


— > RATE mm, 


oO. a2 a3 a4 as 
——> CONCENTR. OF HF N 


Figure 1—Rate dissolution Hf-free and 

in HF of various concentrations at 25 C. One mm® 

corresponds to 0.002035 mg Zr. Each point represents 
an average of multiple readings. 


gas evolution created experi- 
ments. 


Passivation Fluoride Additions 


Additions alkali fluorides 
may produce fluorozirconate salt layers” 
the Zr, causing its passivation, 
the case Ti.” The same equipment for 
rate determinations was also utilized for 
investigation fluoride additions. 
first each sample was reacted for the de- 
termination rate for 100 minutes 
pure HF. Then, the most effi- 
cient method proved the replace- 
ment the entire reaction volume 
newly premixed solution the desired 
composition, the solution was poured 
out from the flask and replaced 
premixed solution. The time needed 
replace the solutions was about three 
minutes and all runs were continued ap- 
proximately 100 minutes this solution. 
The latter was 0.1N with respect 
and contained certain amounts NH, 
rates plotted are averages over time 
about minutes after the immersion 
the sample into the HF-fluoride 
mixture. All points the plots are 
mean least two runs with few 
exceptions, which were single runs. The 
zero fluoride concentration point all 
plots was found averaging rates 
the 100th minute. 

The common feature for all three 
series experiments that the rate 
dissolution increased with small additions 
fluorides the acid, then the rate 
dissolution decreased abruptly soon 
certain concentration fluoride the 
acid was reached. The concentrations 
fluorides causing passivation were not 
equal: for 0.5M for and 
only for NaF. all these cases 
the rate dissolution dropped severely, 
but complete passivation was attained 
only with NaF additions. The minimum 
rates achieved additions NH,F, 
and NaF were 80, and min 
respectively. the first two cases the 
minimum rates were observed 110 min- 
utes after the addition, but the last 


one after minutes. general, repro- 


ducibility the rates was quite good, 
for the time-rate curves. 


Figure 2—The effect additions (in 


Passivating Films 


Black Film Formed HF. 


The black film formed during 
the dissolution could removed 
saturated solution. Evidently 
the tenacious black film was undermined 
and loosened the passivating film 
formed the NH,F solution. Figure 
displays the breakdown and replacement 
the original black film the other 
passivating salt film after treating the 
sample about 110 minutes 
solution containing various concentra- 
tions NH,F (in Speci- 
mens and show flow lines the 
black film. These originated from the 
breakdown the film exposing un- 
derlying shiny, metallic surface. the 
specimen iridescent film was ob- 
served with small amounts black film 
remaining. the last specimen more 
complete bright film had developed. All 
the films shown Figure were very 
tenacious. 

The black film, after being removed 
from the plate saturated NH,F 
solution, was washed, dried and crushed 
powder. X-ray powder diffraction 
patterns were made this substance. 
The pattern showed similarity the Zr- 
powder pattern, but with lines 
which definitely belonged The 
formation zirconium hydride film 
quite possible because the analogy 
the hydrides which have been 
found the surface the corroding 
metal Ogawa and and 
Riidiger, Fischer and Knorr.” According 
Sidhu, hafnium, metal very similar 
Zr, readily forms The fact 
that also gives hydrides high tem- 
contributes the possibility 
hydride formation room tempera- 
ture under conditions corrosion. The 
dissolution the metal occurs through 
the pores the black hydride film. 

The film resistive the action 
and dissolves completely only con- 
centrations above 3N. already men- 
tioned, HNO, destroys the hydride film, 
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Figure 3—The effect of KF additions in tenths of M 
on the rate of dissolution of Zr in 0.1N HF at 25 C. 


oxide film. 


The Salt Films. 


The films formed presence alkali 
fluorides were salt films. Although 
x-ray diffraction patterns could yet 
obtained from specimens passivated 
NH,F solutions, the analogy with the 
films produced solutions, for which 
the patterns could obtained, points 
toward the formation thin salt films 
solutions (Equation 4): 


(NHs)s [Zr F;] + 2H: (4) 


The possibility that the salt film contains 
the hepta fluo zirconate and not the hexa 
Hevesy, Christiansen and Berglund,” be- 
cause passivation occurred pres- 
ence large amounts 

trations over 0.5M gray salt like film 
was present the exposed surfaces 
the specimens. With the salt film place 
the specimen was mounted Philips 
X-ray diffractometer supplied with 
Geiger-Miiller counter and recorder. 
The pattern obtained was compared with 
the ASTM tables, for which purpose the 
values the lines were calculated. 
The comparison these values with 
those ASTM cards for certain com- 
pounds given Table 

Table shows that the passivating salt 
lines obtained from 
could easily eliminated compari- 
son with x-ray picture pure Zr. 

Patterns from the salt film the spec- 
imen passivated NaF were obtained 
both surface and powder camera tech- 
niques. However, when 
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Figure 4—The effect of NaF additions (in hundredths 
at 


the ASTM com- 
pound could found, and the lines 
were not listed there. 


Experimental Arrangement. 


Changes potential dissolving 
metals are frequently caused forma- 
tion and breakdown protective coat- 
ings.” Hence, the replacement old 
coatings new ones, was observed 
experiments with Zr, should also in- 
dicated changes potential the 
metal, 

The overall experimental arrangement 
provided measurement the emf 
the cell 


Zr| HF, saturated KCl, 
Hg, 


means potentiometer. The poten- 
tial the Zr/acid electrode was then 
reduced the hydrogen scale adding 
0.280 volts. The junction potential was 
eliminated salt bridge filled with 
concentrated 

exposed the acid was 
merged the solution. 

The tube connecting the salt bridge 
and the acid was filled with 0.14N HF, 
the lowest concentration for sufficient 
tivity the potentiometer. 

Before fluoride additions were made 
the electrode was dissolved with stir- 
utes. Then either solid fluoride was 
added the was replaced 
solution having the desired fluoride and 
concentration. Potential measure- 
ments after the addition were continued 
for hours longer. 
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Figure samples with black film them, 
solutions: 


a—3M 

b—4M The samples shown are 
c—6M Bakelite mountings. 


Potentials Pure HF. 


set potential-time curves for vari- 
ous concentrations given Fig- 
ure The general trend that the 
potential just after the immersion 
into the acid quickly becomes more posi- 
tive with only gradual increase 
potential later, and that the potential 
decreases (turns more negative) with in- 
creasing concentration the acid (Fig- 
ure 7). The irregularity the curves, 
especially diluted HF, may caused 
the dissolution the initial oxide 
film present the metal and the 
formation the new hydride film. The 
approach steady potential with time 
is, therefore, due increased rate 


dissolution and due the hydride film 
formation. 


The plot Figure shows that the po- 
tential the electrode with increas- 
ing concentration becomes more negative 
approaching limiting potential about 
—0.740 volt. This behavior normal 
and also observed with other metals 


(Zn) 


Potential, and Fluoride Additions. 


The effects fluoride additions the 
potential-time curves were very similar 
case NH,F and additions and 
slightly different when NaF was added. 
The curves are shown single dia- 
gram, Figure Thus, was possible 
follow through potential-time curves the 
breakdown the black hydride film and 
the subsequent built-up 
ing film. 


The 6.5M NH,F (and 0.1N with re- 
spect HF) caused sharp decrease 
potential (at the 75th minute, when the 
salt was added) indicating the start the 
hydride film breakdown and shift equi- 
librium undissociated HF. Simultane- 
ously increase the rate evolu- 
tion from the was noticed, decreasing 
steadily that the 515th minute only 
localized gas evolution occurred the 
edges. The NH,F caused also sharp 
decrease potential down —1.112 
volt, followed quick increase 
—1.076 volt. Apparently the breakdown 
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the hydride film this point was fin- 
ished (visually evident) and the build-up 
the salt film started. The growth 
the latter showed gradual in- 
crease potential (and decrease rate 
dissolution) reaching steady poten- 
tial —1.015 volt about 1340 min- 
utes. The produced passivation 
lesser extent, that the evolu- 
tion did not noticeably decrease even 
1080 minutes, being then greater far 
than 6.5M the same time. 
This result accordance with the rate 
measurements previously described. 

Essentially the same curves were ob- 
tained using passivating agent. 
However, 0.71M fluoride solution was 
sufficient produce the same effects 
did the 6.5M solution. second 
drop potential after the addition 
(not observed NH,F) was reproduc- 
ible and even more intense the case 
KF. From this second mini- 
mum the potential gradually became 
more positive until after 420 minutes 
steady potential —1.030 volt was 
reached. 

The potential-time curve 0.15M 
NaF differed from the two curves far 
that the potential minimum was only 
—0.988 volt (Figure 8), and that in- 
creased much faster, finally reaching 
far more positive steady potential 
—0.528 volt. This more positive poten- 
tial can account for the very complete 
passivation Zr: minutes after the 
small NaF addition, the evolution 
from the sample ceased. The reproduci- 
bility all the potential-time curves was 
good. 


Discussion 


Comparison With Previous Studies. 


This investigation not entirely 
agreement with the two quantitative 
studies previously made other authors. 

The formation tenacious 
film was always observed when dis- 
solved low concentrations HF. How- 
ever, Baumrucker describes the film 
much more concentrated acid (2.5N), the 
high rate hydrogen evolution and the 
acid itself may loosen the adherence 
the black film Zr. 

Smith and Hill stated that and 
(among others) had effect 
the reaction However, Figure 
shows the opposite; hence the concentra- 
tions used the two authors were 
too low. The presence HNO; also 
affected the rate, although was difficult 
measure the effect quantitatively. 


The Passivation Mechanism. 

Two steps passivation should dis- 
tinguished: the one produced the hy- 
dride film and the one salt additions. 
best for this purpose analyse the 
curve (Figure 8). already mentioned, 
the oxide film the surface may 
cause fairly positive potential the 
metal HF. Evidently this film dis- 
solves fast that not pos- 
sible observe the drop potential, but 
only the rise which due formation 
partially protective porous hydride 
film the surface due hydro- 
gen liberation according reaction (1). 


TIME 


RATES DISSOLUTION AND PASSIVATION HAFNIUM-FREE ZIRCONIUM 


0.3 0.4 0.5 


a 
Figure curves various concentrations HF. 
0.2 


Figure 7—Steady potentiai (see Figure and concentration HF. 


TABLE 2—d-values and Relative Diffraction Lines Obtained 


SAMPLE STANDARD PRINCIPAL VALUES 
4.43 4.42 
3.15 100 3.18 100 
2.96 100 3.01 100 
1.83 1.83 


* Zr lines omitted. Comparison with the ASTM cards. 


** Zr line. 


the film grew thickness the pores 
became smaller size with the potential 
slowly becoming even 
Simultaneously the rate dissolution, 
which occurred these narrowing pores, 
passing more less flat maximum, 
gradually decreased. 

the 75th minute the fluoride was 
added. already described and shown 
Figure the black (hydride) film 
breaks down, partially exposing the 


bright unprotected metal the action 
the acid. consequence the poten- 
tial dropped once values low 
—1.076 volt and the rate dissolu- 
tion the unprotected areas the metal 
increased simultaneously (direct dissolu- 
tion, not through the pores). However, 
because the increase the 
interface, reaction (4) occurred with the 
result that insoluble salts started crys- 
tallize the Zr, blocking its surface 
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Solubility 
Fluozirconate Solvent (moles/1) 
(NHa)3 ZrF7 H20 0.5529) 
(NHa)2 ZrFe6 H20 1.05 
ZrF723 0.10N 0.074* 
Ke ZrFe H20 0.0534) 
Ke ZrFe 0.125N HF 0.06552°) 
ZrF7 0.10N 0.016* 


* The saturated solutions (25C) were com- 
plexed with versine and the excess of the latter was 
titrated back with a bismuth nitrate solution. 


again. Hence, the potential rose more 
less slowly and the rate dissolution 
decreased even complete passivation 
the case NaF additions. 


From the section this article entitled 
“Passivating Films Zr,” follows 
that the salt films formed consist 
fluozirconates. The effectiveness 
NH,F, and NaF additions 
vation may then explained the 
relative solubilities fluozirconates. 
Table gives data for solubilities fluo- 
zirconates that were available the 
literature, were obtained the labo- 
ratory. Although the table incomplete 
nevertheless provides basis for some 
qualitative interpretation. 


Table shows that the normal fluo- 
zirconates decrease solubility 
the order NH,*, and The 
hepta fluozirconates, R,ZrF,, have the 
same order decreasing solubilities, al- 
though they may not quite stable 
The very limited solubility 
sodium fluozirconates the reason why 
the potential (Figure the 75th 
minute does not drop low the 
case NH,F and additions: the 
passivating salt layer, because the low 
solubility the sodium fluozirconate (see 
Table begins form fast that after 
the breakdown the hydride film, the 
moment lowest potential could not 
caught the experimental arrangement 
used. also possible that both films 
partially overlap. 

Figures and show that the rates 
dissolution first increase upon 
additions fluorides the acid. This 
increase may explained the in- 
crease the conductivity the 
undissociated HF. The decrease higher 
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200 400 800 


100 

al 


curve) and 0.15M solution (dashed curve) after minutes dissolution pure 0.1N HF. 


concentration fluorides then attrib- 
uted the formation salt films. 


Concerning the NH,F additions there 
versus NH,F concentrations published 
von Hevesy. This plot shows that the 
solubility decreases sharply 
NH,F solutions 4M, and remains 
constant after that point even 
can seen that the rate dissolution 
tions over 3M, which the point when 
the (NH,),ZrF, becomes least soluble 
solution. However, this solubility 
still high enough not produce com- 
pletely continuous salt film the 
surface. Thus, NH,F additions will 
not cause perfect passivation the Zr. 
The rates dissolution and 
solutions were nearly the same, in- 
dicating that the solubility the salt 
film critical factor passivation 

experiments have yet been made 
decide whether not the dissolution 
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Introduction 


ARLY 1940 plans were prepa- 

ration expand the facilities the 
Panama Canal either constructing 
sea-level route adding third set 
locks. insure specification the op- 
timum materials available, elaborate 
program was begun the Panama 
Canal Company develop detailed data 
describing the corrosion characteristics 
variety metals and the protective 
qualities considerable number 
organic coatings when exposed the 
natural environments the tropics. Ini- 
tial studies limited scope were com- 
pleted and 

Plans for the canal construction were 
suspended indefinitely with the onset 
World War II. From the data obtained 
the initial studies, was concluded 
that insufficient samples had been pro- 
vided, and the exposure periods had been 
too brief for results desired reliability 
and significance. Accordingly, second 
program was undertaken from which 
some results describing the performance 
selected metals the program have 
been 

This discussion not concerned with the 
formulation, description and subsequent 
evaluation new experimental prod- 
ucts. This discussion concerned with 
the establishment reliable quantitative 
data, from products available the be- 
ginning this study, describe those 
organic coatings that would the most 
satisfactory for protecting metals exposed 
the corrosive environments character- 
istic tropical latitudes. few experi- 
mental formulations were included, and 
those selected were based preliminary 
data that recommended them for this 
service. 

Addition the organic coatings study 
the existing metals program required 
judicious selection available coating 
systems with properties considered most 
adaptable tropical conditions. For 
evaluation they were applied carefully 
prepared metal surfaces and exposed 
the sites described for the These 
environments consisted continuous and 


mean tide immersion sea water, 


tinuous immersion fresh water and 
continuous exposure marine and in- 
land atmospheres. 


Test Methods Used 
Exposure Environments 

Any organic coating system displaying 
marked physical stability and protective 
qualities when applied steel and ex- 
posed one more local environ- 
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egion, National Association of Corrosion 
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ments was assumed some prac- 
tical value for service the Canal Zone. 
Therefore, the design the experi- 
ment, sufficient panels were prepared 
with each system for exposure dupli- 
cates each location. 

The roof the Washington Hotel 
Cristobal provided marine environment 
located approximately 300 feet from the 
water’s edge elevation about 
feet. the Fort Amador pier the panels 
were exposed racks feet above high 
tide. 

For inland exposure, panels 
cated Miraflores miles inland from 
the Pacific coast cleared site) and 
Gatun point about equidistant from 
the Atlantic Ocean. Panels were mounted 
stainless steel racks and held posi- 
tion porcelain knobs. The racks were 
inclined angle degrees and 
faced south except Cristobal. Cris- 
tobal the prevailing winds were from the 
sea; Fort Amador, winds were more 
variable but predominantly from the land 
side. Typical climatic conditions are 
shown Figure for both the Atlantic 
and Pacific sides the isthmus. 

For continuous sea water immersion, 
test specimens were suspended feet 
below mean tide elevation from the pier 
the Fort Amador causeway point 
miles offshore the Pacific Ocean. 
Panels for evaluation mean tide were 
placed this same location such 
position that the tides, which averaged 
feet daily, caused the panels 
exposed alternately air and sea water 
for approximately equal periods. Con- 
tinuous immersion fresh water was 
provided suspending the specimens 
from the test pier Gatun Lake, whose 
average temperatures are shown Fig- 
ure 
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Abstract 


Seven-, six-, three-, and one-year exposures 
have provided quantitative data the 
ability of organic coating systems to pro- 
tect metals from the five corrosion environ- 
ments characteristic tropical latitudes. 
Data are reported the performance 
more than 350 coating systems in which 
alkyds, epoxys, synthetic rubbers, phenolics, 
vinyls and bitumens were used singly or 
combinations and mixtures. 2.2.5 


Materials 

The systems selected consisted mate- 
rials whose merit had been established 
less corrosive environments temperate 
latitudes. few instances, some experi- 
mental products were included because 
preliminary data suggested they possessed 
unusual merit. Effort was made in- 
clude formulations representing all the 
more prominent types resinous matrices 
commonly associated with corrosion con- 
trol. Similarly, those pigments ordinarily 
specified corrosion control 
cluded, sometimes several resin com- 
binations. Generally accepted methods 
panel preparation and application ma- 
terials were followed. 


Results Tests 


Visual inspection and rating atmos- 
pheric and immersion panels were made 
and 6-month intervals and 
and 6-year intervals. inspec- 
tion was made specimens exposed 
the atmosphere for years. When test 
panel had deteriorated that the coating 
was longer providing satisfactory pro- 
tection the underlying steel numeri- 
cal rating less than 7), the test was 
concluded and the panel removed from 
exposure. Definitions the numerical 
rating values used evaluate each panel 
are given Table 

Results from this study are now com- 
plete for 3-, and few instances, 
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7-year exposures. This report concerned 
only with the long term results. Coating 
systems that provided 
tection the sandblasted surfaces for 
longer periods are shown Tables 
through 

Only those systems most durable 
given environment are reported. These 
include those coating systems that gave 
satisfactory protection numerical rat- 
ing better) ali sandblasted 
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surfaces exposed specific environ- 
ment. 


For example, immersed coating 
included must not have failed 
either the scribed unscribed surfaces. 
For system exposed the atmosphere, 
the coating must not have failed any 
one eight sandblasted surfaces (scribed 
and unscribed the skyward side, and 
scribed and unscribed the groundward 
side both the Atlantic and Pacific ex- 
posure sites). 


Three- and six-year results for continu- 
ous and alternate sea water exposures 
are reported with seven-year results for 
marine atmospheric exposures. Because 
the advanced deterioration most 
systems these environments, these re- 
sults are considered final. Several systems 
exposed fresh water and the inland 
atmosphere are still performing ade- 
quately. 


Immersion Sea Water 


Eighty-four organic coating systems 
were evaluated immersion sea water 
Fort Amador. Top coats 
tems were classified antifouling paint. 
Vehicle types include alkyd, epoxies, 
synthetic rubbers, phenolics, 
vinyls, bitumens, and combinations 
and/or mixtures these. From this total, 
maintained satisfactory rating the 
scribed and unscribed surfaces during 
years’ exposure. These consisted the 
following: hot applied bitumens, 
vinyls, phenolics, synthetic rubbers 
and, somewhat surprisingly, alkyd. Anti- 
fouling top coats were applied 
the systems. 


After six years, only three systems 
(1368B, 1370B and 5670B) appeared 
protect the metal adequately, each 
which was remarkably good condition. 
The three systems listed Table main- 
tained adequate protection the metal 
for the exposure period, and the films 
themselves were physically intact the 
time observation. 


The three outstanding coating systems 
were applied relatively heavy film thick- 
ness. Among the comparatively successful 
materials were the vinyls which performed 
adequately for years, although the films 
were applied thicknesses greater than 
ordinarily associated with vinyls. Ade- 
quate applications coal-tar primer and 
enamel, reliable antifouling 
paint, apparently will provide highly 
successful system for protection metal 
against tropical sea water corrosion. This 
protection can accomplished with 
fewer coats than with synthetic rubber 
system although the latter can ex- 
pected give equivalent results. The 
coal-tar-antifouling system affords re- 
markable protection from undercutting 
the scribe mark. Differences here are 
more marked the case the vinyl 
systems although one case the un- 
scribed panels failed more severely than 
the scribed one. These data give little 
evidence indicate strong preference 
for wash primer over phosphoric acid 
wash prolonging the life either 
system. 


the remaining systems perform- 
ing reasonably well after years, coal-tar 
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systems and competitive vinyls are promi- 
nent. Bitumens and vinyls, representative 
two classes materials, offer excel- 
lent prospects for protection this kind 
can expected from properly formu- 
lated phenolic alkyd resin system cou- 
pled with high quality antifouling 
paint. any case, length protection 
proportional film thickness, and the 
matrix material must adaptable 
application heavier films. 


Mean Tide Exposure 


the exposure environments studied, 
failure mean tide was the most severe. 
the systems this phase the 
investigation, only five were performing 
adequately after years, and none were 
considered entirely satisfactory for the 
full 6-year period. This compares with 
and systems and years respec- 
tively continuous immersion. the 
systems studied mean tide, matrices 
were follows: two alkyds, two epoxys, 
five synthetic rubbers, phenolics, 
bitumens and combinations and/or 
mixtures these. 

Data the five systems considered 
adequate after years are shown 
Table Intermittent exposure sun- 
light and air, addition sea water 
eliminated rapidly those coatings other 
than the vinyls and two synthetic rub- 
bers. This true spite the fact 
that several bitumen systems were ap- 
plied greater thicknesses. For tide 
level service, the vinyl systems including 
top coat antifouling paint offer 
greater protection. thicker films are 
permissible and antifouling require- 
ments are implied, either two synthetic 
rubber systems are acceptable. Based 
the systems reported Table there 
marked difference paint behavior 
scribed and unscribed panels. The 
wash primer pretreatment steel before 
application vinyl primer considered 


Fresh Water Immersion 


The fact that four systems immersed 
fresh tropical water Gatun Lake re- 
mained almost perfect condition for 
the 6-year period indicates that many 
more coating systems are available for 
satisfactory service this environment 
than either the others discussed 


TABLE 1—Description Visual Rating 
System 


Value Condition of Coating and Panel 


Perfect (no deterioration of any kind) 


9 Slight deterioration of coating 
8 


Intermediate (between 7 and 9) 


7 Deterioration evident with a few defects in 
| coating; continued protection of under- 
| lying metal; coating considered satis- 
factory. 

6 Moderate deterioration, some coating de- 
fects, slight corrosion of underlying metal 
surface. Some surface preparation and 
repainting necessary for continued pro- 
tection. Coating considered unsatis- 
factory. 
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this point. the end the 6-year ex- 
posure, out systems studied were 
protecting the metal substrates quite well. 
The vehicles included one alkyd, two 
epoxys, four synthetic rubbers, vinyls, 
bitumens, phenolics and com- 
binations and/or mixtures these. The 
survivors were four phenolics, three syn- 
thetic rubbers, ten vinyls, one alkyd, eight 
bitumens and five combinations. The four 
systems remaining essentially perfect dur- 
ing the exposure, shown Table 
consist one vinyl, one bitumen and 
two synthetic rubber systems. Several 
vinyl and coal-tar type coatings are avail- 
able which can expected give good 
service fresh water. With bitumens and 
synthetic rubbers, greater film thickness 
required than with the vinyls. 
marked differences were apparent 
distinguish between the value wash 
primer and phosphoric acid pretreatment. 


Marine Atmosphere 


Only out systems tested 
the marine atmosphere were considered 
adequate after years compared 
out systems exposed fresh 
water. This indicates the severity the 
tropical marine atmosphere. addi- 
tional exposure eliminated 
these. Only four systems were perform- 
ing acceptably after years. This addi- 
tional 1-year exposure was believed 
sufficient indicate marked difference 
protective qualities two finish classes 
adaptable this particular environment. 
Vehicles used the systems consisted 
three alkyds, four synthetic rubbers, 
nine phenolics, vinyls, bitumens and 
combinations mixtures these. 

given Table alkyd primer 
pigmented with red lead was included 
the first four finishing systems which pro- 
vided adequate protection both scribed 
and unscribed surfaces and the sky- 
ward and groundward sides each panel. 
With single exception, each primer was 
followed alkyd phenolic top 
coat, the exception being asphalt 
emulsion. Thinner films were required 
than for emulsion bitumen-type mate- 
rials. this latter case, coal-tar 
bitumen-type coatings afforded good pro- 
tection for years but began show 
degradation after additional year. This 
would indicate the choice alkyd-red 
lead primers followed top coats the 
more durable enamels based either 
alkyd phenolic vehicles for marine at- 
mospheric service the tropics. 

Data Table indicate that systems 
including red lead primers provide better 
protection against undercutting along 


scribe marks than the coal-tar 


ers. This same difference not appar- 
ent the immersion tests. marked 
differences appeared between groundward 
sides compared skyward sides the 
alkyd-phenolic panels. Some differences 
did appear the coal-tar systems al- 
though there little consistency either 
direction. Thus, good primer, properly 
pigmented with anticorrosive pigment, 
preferable the heavier coal-tar type 
coating for protection against undercut- 
ting corrosion along film break. the 
other hand, each type finish stands 
equally well either groundward sky- 


TABLE 2—Sea Water 


PERFORMANCE ORGANIC COATINGS TROPICAL ENVIRON MENTS 


SERVICE RATING 
Years Years 
System (mils) No. Coats System Unscribed Scribed Unscribed Scribed 
1368B* 80-100 1-Coal-Tar Primer 10 10 9 8 
2-Coal-Tar Enamel 
3-4 Natural Resin A-Ft 
1370B* 70-85 1-Coal-Tar Primer 
2-Coal-Tar Enamel 
3-4 Natural Resin A-F** 
5670B* 40-55 1-Synthetic Rubber 
(Neoprene) 
2-13 Synthetic Rubber 
(Neoprene) 
1260B* | 41 1-2 Alkyd Primer 10 10 0 1 
3-Hot Plastic A-F 
1367B* 85-115 1-Coal-Tar Primer 10 10 7 5 
2-Coal-Tar Enamel 
3-Hot Plastic A-F 
1457Dt 8.5 1-3 Vinyl Primertt 
4-5 Vinyl 
1458Dt 18 1-2 Vinyl Primertt 10 10 3 6 
3-8 Vinyl A-F tt 
4567B* 18-27 1-2 Vinyl Primer 
3-10 Vinyl Enamel | 
* Phosphoric acid pretreatment. 
Wash primer pretreatment. 
Navy cold plastic A-F paint. 
** Experimental NRL formula. 
tt Similar competitive systems. 
TABLE 3—Mean Tide Exposure 
SERVICE RATING 
Years Years 
Thickness 
System (mils) No. of Coats in System Unscribed | Scribed | Unscribed | Scribed 
1236D* 7.5 1-Vinyl Primer 7 8 2 2 
2-Vinyl A-F 
1457D* 8 1-3 Vinyl Primer 10 10 5 5 
4-5 Vinyl A-F 
4-8 Vinyl A-F 
5680BtT 2-250 1-3 Synthetic Rubber 8 9 5 
7890A 25-35 1-Synthetic Rubber 


* Wash primer pretreatment. 
+ Phosphoric acid pretreatment. 


TABLE Water 


Service Ratings 
After 6 Years 
Thickness 
System (mils) No. of Coats in System Scribed | Unscribed 
2 Coal-Tar Enamel 
38-52 1-13 Synthetic Rubber 10 10 
32 1 Synthetic Rubber 10 10 


* Of 64 systems tested in fresh water, 30 systems including a variety of vehicle types, were satisfactory 
The four systems shown here were in excellent condition after 6 years. 


+ Wash primer pretreatment. 
t Phosphoric acid pretreatment. 


ward exposure. Synthetic rubbers and 
vinyls are conspicuously absent among the 
survivors listed the marine atmosphere. 
However, these types might expected 
yield more rapidly the intense solar 
radiation the tropics. 


Inland Atmosphere Exposure 

Materials identical those exposed 
marine atmosphere were exposed also 
the relatively clean inland atmosphere 
the Canal Zone. summary these 


results given Table The survival 
rate was greater than the marine environ- 
ment. Ten the systems were perform- 
ing adequately after years’ exposure. 
These systems are identical those 
which survived 6-year marine exposure. 

notable addition the single syn- 
thetic rubber coating (5670B). addi- 
tional interest the relatively stronger 
position the bitumens here when com- 
pared with the alkys phenolic systems. 
The presence the anticorrosive pig- 
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ment not essential for protection 
against inland exposure. Further, several 
coal-tar systems were included which per- 
formed well when applied reduced 
film thicknesses compared that re- 
quired for immersed service. There ap- 
pears little difference ability 
either type coating prevent undercut- 
ting the film along the scribe mark 
under inland exposure. 


Summary 


general purpose coating system 
available among those studied. the 
other hand, the data indicate that for 
each the environments described there 
were one two general classes mate- 
rials particularly adaptable each spe- 
cific condition. 

sea water, for example, coal-tar sys- 
tems offered acceptable protection 
years. the same environment the 
vinyls provided excellent service through 
years; most the other type finishes 
studied failed. view the relative 
thin films which characterize the vinyls, 
convenient choice two systems 
offered, and the final selection may 
made the basis length service 
required. Little difference ap- 
parent the ability each system 
prevent undercutting the film along 
the scribe mark. 

the five environments studied, mean 
tide exposure was most severe, and for 
such service the vinyls and synthetic rub- 
bers offered the best protection. Prob- 
ably the alternate drying and wetting, 
plus intermittent exposure air, de- 
graded the other coating types more 
rapidly. 

For fresh water service, greater coat- 
ing selection appeared acceptable. Coal- 
tar enamel and vinyl synthetic rubber 
protected steel perfectly fresh water 
during 6-year period, and large num- 
ber other materials were considered 
adequate throughout the experiment. 

Synthetic enamels based alkyd and 
phenolic resins were preferable for ma- 
rine atmospheres. The coal-tar systems, 
however, were quite efficient 
quired greater thicknesses. The synthetic 
enamels, however, appeared check 
undercutting along the scribe marks bet- 
ter than the coal-tar enamels. 

Similarly, enamels based coal-tar 
and alkyd-phenolic resins provided out- 
standing protection inland atmos- 
phere. When removed from the salt- 
laden atmosphere, undercutting along 
break the film was controlled about 
equally with each system. 
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Introduction 


ANY the metallurgical factors 

involving causes and mechanisms 
stress corrosion cracking some alloy 
systems can associated with the path 
followed the propagating corrosion 
cracks. series stress corrosion tests 
aluminum bronze alloys has resulted 
general basis for the diagnosis 
field failures under corrosive conditions. 
This could valuable tool for re- 
search into corrective measures alloy 
modification and processing procedures 
which will tend reduce service stress 
corrosion cracking failures mini- 
mum. 


The tests involve the use two char- 
acteristically different media which have 
been associated with field failures cer- 
tain applications alpha aluminum 
bronze alloys. The corrosive agents in- 
volved are: 


which can cause stress cor- 
rosion cracking aluminum sili- 
con bronze alloys under conditions 
high tensile stress and temperature. 


2.Ammonia vapor, the presence 
which has long been associated with 
stress corrosion cracking many copper 
alloys, including aluminum bronze. 


The observations concerning crack 
paths are explained known crystal- 
lographic phenomena. major impor- 
tance the explanation crack paths 
the phenomena equilibrium grain 
boundary segregation, wherein 
tively high concentration solute atoms 
tends build grain boundaries 
under both commercial production and 
equilibrium conditions. 


Test Procedure 
Materials 


Tests were conducted using specimens 
taken from three different aluminum 
bronze alloys which are available 
plate from commercial sources. 
Two the alloys were binary copper- 
aluminum alloys containing nominal 
concentration percent and percent 
aluminum. The third alloy was ternary 
alloy containing nominal 6.5 percent 
aluminum and 2.5 percent iron. care- 
ful chemical analysis the alloys, which 
various specifications are allowed 0.5 
percent total impurities, showed the 
loys satisfactory purity for the 
tests. The analysis the alloys given 
Table 


The problem selecting the condi- 
tion the materials for test was not 
easily resolved. The difference analysis 
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the alloys produced the expected dif- 
ferences inherent properties. Added 
this, differences recrystallization tem- 
peratures, grain growth characteristics, 
and work hardening rates made the se- 
lection “condition parameter” diffi- 
cult. 

Preliminary testing indicated that the 
variables did not have major effect 
crack paths, and therefore the practical 
parameter tensile strength was se- 
lected. The tensile strength the 95-5 
alloy and 92-8 alloy was approached 
cold rolling from annealed structure 
since the alloys were supplied the 
Hard Temper.” The 90-6.5-2.5 alloy 
was annealed down the strength level 


Abstract 


The investigation presented illustrates the 
importance of analyzing stress corrosion 
crack paths, and the interpretation the 
crack paths with respect alloys and cor- 
rosive media. Testing involved alpha alu- 
minum bronze alloys 5-8 percent 
content exposed ammonia and steam at- 
mospheres, while stressed to about 80 per- 
cent of the yield strength. The various 
crack paths obtained are illustrated mi- 
crographs, and the reasons for the differ- 
ent types crack paths are associated with 
factors such equilibrium grain boundary 
segregation and the chemical attack of seg- 
regated solute elements by corrosive agents. 
The results the investigation are dis- 
cussed terms analyzing causes field 
failures. Examples processing considera- 
tions minimize failures are cited. 3.2.2 


after hot rolling. The strength parameter 
was selected from use viewpoint, 
order compare alloys the condition 
which they may used commercially 
similar application. 


Specimen Preparation 


inches long were sawed from the 
plates, and milled one side 
thickness. These strips were then mounted 
stainless steel fixtures* designed 
bend the strips the manner end 
supported—center loaded beams 
means center screw, with the 
wide “as received” surface the speci- 
men exposed under tension the corro- 
sive. The specimens were then bent 
center defection produce fiber stress 


about 30,000 psi. 


Steam Atmosphere Tests 


The tests steam were carried out 
pressure-tight stainless steel cylinders 
which held the stressed specimens and 
supply water. The specimens were sus- 
pended over the water means 
perforated plate. The cylinders were 
charged into 350 electric oven, where 
they remained for test periods two 
days after reaching testing temperature. 


the end these periods, specimens 
were examined for surface cracks. Speci- 
mens which did not crack were re- 
charged into the cylinders for additional 
two day exposure periods. This method 
exposure and inspection was continued 
until all specimens showed signs crack- 
ing. They were then removed from the 
fixtures and prepared for metallographic 
examination. 


* Preliminary testing using aluminum bronze 
stressing fixtures and stainless steel fixtures with 
and without insulating pads isolate the speci- 
mens revealed that the results were unaffected 
galvanic phenomena the atmospheres and 
temperatures used. The use stainless steel fix- 
tures without insulation was adopted because the 
aluminum bronze fixtures themselves sometimes 
became victims of stress corrosion cracking after 
several test runs. 
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Figure 1—Intergranular cracking in 5 percent Al, 
95 percent Cu alloy stressed at 30,000 psi in 350 F 
steam atmosphere. 100X. 


Ammonia Atmosphere Tests 

Ammonia atmosphere tests were carried 
perature. The specimens, stressed fix- 
tures, were suspended over beaker con- 
taining percent ammonium hydroxide 
solution. The bell jar was sealed against 
leakage except for capillary tube pro- 
truding from the side. Specimens were 
exposed for period three days and 
then removed and prepared for metal- 
lographic examination. 

Limited additional tests were con- 
ducted using ammonia atmosphere 
350 order study the ammonia 
crack paths formed this temperature. 
The object this test was confirm 
that the crack paths observed the pri- 
mary work was dependent the type, 
but not the temperature, the corro- 
sive medium. 

should noted that effort was 
made evaluate the ammonia cracking 
susceptibility with respect failure time 
during these tests. facilitate metal- 


lographic crack studies was necessary 


terminate tests while most the spec- 


imens were the stage incipient 


cracking. Since the exact time crack 
beginning virtually impossible deter- 
mine, and failure times were deter- 
mined, relative crack severity the time 
substitute for these quantitative data. 


Metallographic Examination 


The center portion was cut from the 
strips after their removal from 
tures. These were mounted 
with the edge transverse the 
cracks exposed for polishing. Approxi- 
mately 1/16-inch was ground from the 
edge, and the specimens 
and etched with percent potassium 
dichromate for examination. 

Crack paths were determined ob- 
servations number different mag- 
nifications. Micrographs examples 
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Figure and transgranular crack 

path percent Al, percent alloy stressed 

at 30,000 psi in room temperature ammonia at- 
mosphere. 150X. 
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Figure cracking 6.5 percent Al, 
2.5 percent Fe, 91 percent Cu alloy stressed at 
30,000 psi 350 steam atmosphere. 50X. 


TABLE Test Alloys 


ELEMENT, PERCENT 


Al Fe Tensile Strength, Psi (ave.) 
5.44 65,000 
8.25 65,000 
6.48 2.28 10 02 75,000 


TABLE 2—Characteristic Crack Paths Specimens 
(30,000 psi stress Level) 


Alloy (Bal. Cu.) Corrosive Temperature Crack Description 
Ammonia Room Temperature Random 
Transgranular 
; Ammonia Temperauire Transgranular Py 
% Al.... Ammonia 350 F ‘Tranegranular 


each crack were taken magnifications 
and locations which typically illustrated 
the cracks. description crack paths 


Results 

The micrographs Figures through 
illustrate the crack paths the various 
specimens. cases where the cracking 
was rather severe, the path the prin- 
cipal crack was somewhat difficult 
define, and observations were based 
the branch cracks. all cases the fiber 
stress the specimens was about 30,000 
psi. 


Discussion 
Steam Cracking 


All the evidence gathered stress 
corrosion cracks alpha aluminum 
bronze alloys indicated that the cracks 


from exposure steam are in- 
tergranular, are the cracks formed 
exposure hot aqueous solutions and 
vapors sea water, acetic acid, sulfuric 
acid, and sodium hydroxide. General ob- 
servations relative failure times dur- 
ing the tests also have indicated that the 
intergranular cracking susceptibility 
creases with increasing 
tent. example, the steam test re- 
sulted typical failure times about 
300 hours for the percent aluminum 
alloy, 150 hours for the 6.5 percent alu- 
minum alloy, and hours for the 
percent aluminum alloy. 

These observations can used sup- 
port proposed mechanism the for- 
mation the stress corrosion cracks. This 
mechanism involves the equilibrium seg- 
regation solute atoms the grain 
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Figure 4—Transgranular crack path in 6.5 percent 
Al, 2.5 percent Fe, 91 percent Cu alloy stressed at 
30,000 psi in room temperature ammonia atmos- 
phere. 250X. 


boundary the alloy, proposed 
McLean and When the alloy 
exposed the attack steam other 
atmospheres capable oxidizing alumi- 
num rather rapidly (but incapable 
corroding the aluminum bronze rapidly), 
the segregated aluminum atoms are 
chemically attacked and form 
tive film, normally quite impervious 
further attack. However, the presence 
tensile stress, the film ruptures con- 
tinuously forms, and the crack 
allowed propagate along the alumi- 
num rich grain boundary. The identity 
the corrosion products (or 
not known, but the formation both 
oxides and hydroxides aluminum 
possible. Preliminary tests 212 boil- 
ing water and 500 air yielded results 
which support the hydroxide the most 
likely corrosion product. The tests air 
failed produce any failure grain 
boundary penetration over extended 
time. The tests boiling water produced 
intergranular failures after several weeks. 
analysis the water after the tests 
indicated the presence aluminum hy- 
droxide, but sign insoluble alu- 
minum oxide, and detectable copper 
concentration. 

Perryman’ has indicated that the ex- 
tent grain boundary segregation 
dependent upon the degree satura- 
tion the solvent lattice the solute. 
This would serve explain the increased 
intergranular stress cracking susceptibil- 
ity with increased aluminum contents 
the case exposure steam other 
oxidizing media. 


Ammonia Cracking 


Many investigators have found that 
pure copper not susceptible stress 
corrosion cracking ammonia, and that 
two different atoms must present 
the lattice produce the electrode po- 
tentials required cause stress corrosion 
Thompson and Tracy* have 
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Figure 5—Intergranular crack path percent Al, 
percent alloy stressed 30,000 psi 350 
steam atmosphere. 50X. 


investigated this quantitatively, and 
shown that 10,000 psi stress level and 
stress corrosion cracking reaches 
maximum copper-aluminum alloys. 
The fact that the susceptibility decreases 
more aluminum added can at- 
tributed the equilibrium grain bound- 
ary segregation aluminum. per- 
cent aluminum based the authors’ 
observations, the ammonia cracks will 
intergranular. the aluminum content 
increased, grain boundary segregation 
aluminum increases, and because am- 
monia will attack copper rather than alu- 
minum, the grain boundaries become 
more and more resistant ammonia at- 
tack. alloy composition finally 
reached where the grain boundaries will 
longer attacked ammonia, and 
intergranular cracking will not occur. 
close study some the cracks Fig- 
ure illustrates this condition, where 
cracks run almost parallel and very close 
certain grain boundaries, but not 
enter the boundary except cross it. 

Unlike steam cracks, ammonia cracks 
may transgranular, illustrating that 
the crystals themselves have ammonia 
cracking susceptibility. order de- 
termine just how the transgranular crack- 
ing susceptibility varies with aluminum 
content, would necessary conduct 
tests with single crystals. obvious 
that, low aluminum contents the inter- 
granular cracking susceptibility exceeds 
the transgranular cracking susceptibility, 
and that this condition gradually changes 
the aluminum increased, until the 
opposite becomes true high aluminum 
contents. 


Figure the dotted curve am- 
monia cracking susceptibility taken 
from Thompson and Tracy’s work 
10,000 psi stress level. The solid curve 
30,000 psi estimated susceptibility 
curve based the authors’ observations 
and the Thompson-Tracy curve displaced 


Figure 6—Transgranular cracking in 8 percent Al, 
92 percent Cu alloy stressed at 30,000 psi in room 
temperature ammonia atmosphere. 90X. 


compensate for the higher stress. This 
curve represents qualitative picture 
ammonia cracking susceptibility for the 
alpha aluminum polycrystalline 
aggregate, and may considered 
resultant curve intergranular and 
transgranular cracking susceptibility. The 
area between (a-a) and (b-b) represents 
the transition the crack path from 
intergranular transgranular, with net 
decrease cracking susceptibility. Above 
percent aluminum, the transgranular 
cracking susceptibility obviously decreases 
with increasing aluminum content. 
Whether this true over the entire range 
from percent aluminum not 
known, because the shape the curve 
obscured the more readily occurring 
intergranular cracking tendency low 
aluminum levels, and some statistical 
composite the curves the transition 
range. more likely that the trans- 
granular cracking curve would also ex- 
hibit maximum susceptibility some 
aluminum content between percent alu- 
minum and percent aluminum. 

The shape and location the resultant 
curves would probably different 
each case. The exact locations vertical 
lines (a-a) and (b-b) will also de- 
pendent upon the process history the 
alloy, and the testing conditions. 
order evaluate susceptibility, curves 
this type may determined alloys 
using parameters equal yield strength, 
tensile strength and hardness, after 
identical processing regardless proper- 
ties. The testing stress could regu- 
lated either fixed stress level 
percentage the yield strength each 
alloy. 

The mechanism transgranular crack- 
ing due ammonia has been the sub- 
ject much speculation and discussion, 
but real conclusions have been drawn. 
Since pure copper does not seem 
susceptible transgranular cracking, 
obvious that cell action must 
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Figure 7—Graphical representation the stress corrosion cracking susceptibility alpha aluminum bronze 
in ammonia atmosphere. 


essential part the mechanism. The 
corrosion cells within the crystals are 
easily explained, since commonly 
recognized that alloy crystals are any- 
thing but well organized homogeneous 
lattices. When one considers the total ef- 
fect the known phenomena which tend 
cause solute atom concentration points 
the lattice, easy realize how 
continuous paths high 
tentials can exist through portions the 
crystal. These phenomena include solute 
atom-dislocation interactions the elec- 
trical, chemical (stacking fault), and 
physical types,’ the recognized clustering 
solute atoms around dislocations, poly- 
ganization (low angle subgrain) bound- 
aries, disorientations annealing twin 
planes, slip planes, and segregation that 
may carry over from the original 
solidification 

The stress the crystal necessity, 
but the exact role which plays not 
clear. Stress may necessary produce 
some the cells through solute atom- 
dislocation interaction, open the crack 
forms thus allowing continued sup- 
ply corrosive propagate the crack, 
increase the energy level the metal 
the tip the crack, for other rea- 
sons not yet recognized suspected. 


Effect Iron Content 


The stress corrosion cracking suscepti- 
bility the aluminum 
tested seems for all practical purposes 
independent the iron content the 
alloys. Any small effects that may 
found more careful quantitative work 
regarding the presence (and amount) 
iron would have very carefully ana- 
lyzed the proper reasons for these 
effects. Iron acts grain refiner, raises 
the recrystallization temperature, and adds 


the strength these alloys. Therefore, 
the presence iron were found in- 
fluence stress corrosion cracking suscepti- 
bility some manner, the effect could 
direct chemical nature (involving 
the segregation and/or corrosive attack 
iron atoms), secondary nature, 
where the grain size strength the 
alloy resulting from iron additions the 
direct cause susceptibility variations. 


Conclusions 


the analysis field problems con- 
cerning stress corrosion cracking alpha 
aluminum bronze alloys, the presence 
transgranular cracking would indicate 
that the cracks were caused the attack 
corrosives the alloy. 

Careful metallographic examination 
cracks the lower aluminum (approxi- 
mately percent) alloys should generally 
reveal some transgranular crack pene- 
tration the cracks were caused am- 
monia, even though the crack paths 
would normally primarily intergranu- 
lar the low alloy range. Where stress 
corrosion cracks are found inter- 
tion can found along the main crack 
branch cracks, the investigator can 
generally look media such steam, 
hot acid caustic vapor, hot oxidiz- 
ing solutions for the cause the crack- 
ing. Care must taken not confuse 
intergranular stress corrosion failures 
with intergranular tensile creep fail- 
ures when operating conditions involve 
temperatures the range 500 
higher. 

Since intergranular stress cracking 
caused oxidizing agents (steam etc.) 
appears result the equilibrium 
grain boundary segregation aluminum, 
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processing steps designed minimize 
segregation alpha aluminum bronze 
products will aid minimizing failures 
the material must used stressed 
applications. This can done avoic- 
ing processes which involve high 
ature treatments materials 
contain established grain boundaries, 
practice which tends increase 
rium grain boundary segregation. 
use cold worked and recrystallized 
terial opposed hot worked and 
nealed materials can recommended 
this respect. Cold forming followed 
low temperature stress relieving also 
been found improvement ove: 
cold forming intermediate tempera- 
tures shaping the alloys. 

Avoiding the stress corrosion cracking 
the alpha aluminum 
where exposure ammonia vapor 
solutions possible dependent upon 
the ability the user produce rela- 
tively stress free application, since more 
less aluminum atom segregation merely 
effects the intergranular transgranu- 
lar cracking tendency. This can done 
stress relief (thermal mechanical) 
and proper design. However, the use 
these alloys ammonia applications will 
always contain element risk, since 
there never any real assurance that 
the application stress relief treatments 
will eliminate all tensile stresses. Like- 
wise there guarantee that opera- 
tional stresses may not occur through 
warpage, misalignment adjacent parts, 
expansion and contraction. 


Summary 

The results this investigation indi- 
cate that equilibrium grain boundary 
segregation alloying elements which 
does not result the formation pre- 
cipitated phases can considered 
one the fundamental causes stress 
corrosion cracking. The concept can 
used explain the stress corrosion crack- 
ing susceptibility silicon bronze 
steam, and the increased resistance 
aluminum brasses season cracking. 
Additional study may prove that equi- 
librium grain boundary segregation and/ 
the segregation solute elements 
around crystallographic faults and sub- 
grain boundaries are the cause stress 
corrosion cracking many the cases 
which there has been satisfactory 
explanation mechanism. 

Additional work the stress corrosion 
cracking alpha phase aluminum 
bronzes, based the segregation con- 
cept, now under way. The results 
date tend not only verify the concept, 
but indicate that useful practical 
production applications. The progress 
this work, along with extensive field test- 
ing, will published each stage 
completed. 
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Factors Affecting the Corrosion Steel 
Oil-Brine-Hydrogen Sulfide Mixtures* 


Introduction 


METHODS have been 
used reduce hydrogen sulfide at- 
tack oil well equipment. One method, 
has been used with considerable 
success, has been the addition chemi- 
inhibitor the oil the well-head. 
number instances, small amounts 
these inhibitors few parts per mil- 
have reduced corrosion markedly. 
The process finding inhibiting ma- 
has been largely matter trial 
and error. Many the inhibitors 
common use are concoctions very im- 
pure materials about which little 
known other than that they inhibit 
corrosion. Until the basic nature 
chemical inhibition corrosion are 
studied more intensively and the mech- 
anisms are more clearly understood, the 
search for inhibitors must remain one 
“hunt and pick.” 

the inhibitor industry grew, be- 
came desirable that some standard 
method laboratory comparison set 
that various inhibitors could 
compared for their effectiveness. num- 
ber procedures were suggested, includ- 
ing one proposed subcommittee 
the National Association Corrosion 
There appear serious 
disadvantages with all these methods 
inhibitor screening tests. The present 
work was undertaken evaluate certain 
the variables affecting the corrosion 
process, that improved test pro- 
cedure might devised. 

seems self-evident that any empiri- 
cal test method should attempt du- 
plicate field conditions closely 
possible under laboratory conditions. Ac- 
cordingly, all experiments described 
here were performed dynamic systems 
where the oil-water emulsion flowed con- 
stantly over the metal sample. 


Experimental Method 


brief, the technique used was 
dynamic, weight-loss method, which con- 
sisted placing weighed piece steel 
controlled corrosive medium and 
measuring the loss weight after suit- 
able time interval. The containers used 
were ounce, wide-mouth, “French 
Square,” screw-cap bottles, sealed with 
polyethylene gasket. The bottles con- 
tained 240 water phase, 240 
oil phase, and nitrogen gas. 
After filling, the bottles were continu- 
ously rotated during the course the 
experiment rpm. 
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Except noted below, the technique 
used the present study was the same 
proposed new screening test for in- 

Results 


Tests were made determine whether 
bottles could effectively sealed the 
technique used, that H,S could not 
escape, and air could not enter during 
the course experiment. The first 
attempts were made using fluorocarbon 
sheet gasket inside the bottle caps. 
Leaks developed when this material 
proved too hard inflexible. 
The reaction 


proceeds spontaneously aqueous media, 
that whenever bottle developed 
leak, the solution turned cloudy within 
hour from the free sulfur pro- 
duced. When seal heavy-weight 
polyethylene film was used place 
the fluorocarbon, further difficulty 
with leaks was observed, and free sulfur 
was never produced. 

make suré that the bottles were 
air-tight, the following experiment was 
undertaken. Ten bottles were half filled 
with the light mineral oil. solution 
was then made from oxygen-free 
distilled water. This solution was forced 
under pressure through piece tubing 
and introduced underneath the oil layer, 
that never came contact with 
air. This solution was added until the 
oil reached the very brim the bottle. 
The plastic film was then held taut over 
the top (no air was trapped), and the 
cap was screwed on. Next the bottles were 
put the shaker. Bottles were removed 
periodically, and the water layer analyzed 
for direct titration with standard 


Abstract 


A study was made of factors affecting the 
corrosion steel mixtures 
order determine what conditions need 
to be met in setting up a screening test 
procedure for corrosion inhibitors. 

The initial rate of corrosion is dependent 
the concentration H2S. After the first 
day, the reaction becomes diffusion-con- 
trolled and independent H2S concen- 
tration over a wide range. At very high 
H2S concentrations, the corrosion rate ac- 
tually decreases because of a change in 
the nature of the FeS coating formed on 
the steel. 

The presence sodium 
the formation protective FeS coating 
on steel, and the corrosion rate increases 
with increasing salt concentration, reach- 
ing a maximum at about 1 percent salt. 
Above this concentration, the rate de- 
creases, possibly due inhibition the 
salt itself. 3.4.8 


iodine solution using starch for indi- 
cator. The concentration the 
water layer gradually fell the gas dis- 
solved oil, reaching steady-state con- 
centration after minutes. This same 
value has maintained week, indi- 
cating that H.S was not lost either 
leakage out reaction with oxygen 
which leaked in. 

Additional evidence for the tightness 
the seal given the fact that when 
corrosion test bottles were opened, the 
sound escaping hydrogen gas was 
heard, showing that the seals were hold- 
ing under pressure. 

Polyethylene affected some ex- 
tent exposure the oil. tends 
swell slightly, making the seal even 
tighter. might argued that the ex- 
posure any plastic material the test 
fluids would give the possibility intro- 
ducing inhibitor materials into the system 
which might interfere with the results. 
time during this work was any inhibit- 
ing effect noted from the polyethylene. 

sure that there was inhibit- 
ing effect from polyethylene, check 


TABLE Distribution Between Water and Hydrocarbon Solvents 


Conc. in hydrocarbon 
Temp, pm He2S ppm H2S in K ( 
Oil Phase Degrees C n Water Hydrocarbon Conc. in water 
Mintel OR... 65 32 77 131 1.70 
32 76 132 1.73 
32 194 334 1.72 
32 196 340 1.73 
32 512 885 1.72 
32 519 889 1.71 
29 1000 1662 1.66 
31 119 708 5.94 
31 125 746 5.96 
221 528 2.39 
31 234 554 2.36 
31 234 577 2.46 
31 216 573 2.65 
31 219 579 2.64 
31 215 575 2.67 
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was run. About 300 square inches the 
plastic was cut into pieces and washed 
with 400 oil for four days the 
shaker. This amount plastic represents 
about 100 times the surface actually 
contact with the oil during test. Two 
tests using the coupons 
were then run; one using 240 this 
oil and the other using 240 un- 
treated oil. The same brine (1350 
ppm percent NaCl) was used for 
both. the end five days, the first 
had lost 0.127 gram; the second, 0.125 
gram. These values agree within experi- 
mental error. 


Distribution H.S Between 
Oil and Water 


Experiments were next performed 
determine the relative concentrations 
the oil and aqueous phases. Water 
solutions different concentra- 
tions were shaken with mineral oil until 
equilibrium was established. Both phases 
were then analyzed for water 
phase described above, the oil phase 
follows: oil sample was 
pipetted into ground-glass stoppered 
conical flask containing about 
water and some starch. About 
cent the equivalent amount stand- 
ard iodine was then added the flask, 
and was stoppered and vigorously 
shaken. Iodine solution was then added 
dropwise, with shaking after each addi- 
tion. When the blue color remained 
the water layer, the titration was com- 
plete. blank run with pure oil gave 
blue color with one drop iodine solu- 
tion. 

The results this series experiments 
showed unexpectedly high concentra- 
tion the oil phase. order 
ascertain that this was not just 
peculiarity the oil being used, the dis- 
tribution ratio was determined 
same manner using benzene, kerosene, 
and iso-octane (2, 4-trimethyl pentane) 
the oil phase. All the results are 
shown Table The high solubility 
general one. This high solubility has not 
been generally recognized. The implicit 
assumption that the solubility 
oil low shows itself much the 
work described the literature. 
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Figure 1—Extent corrosion function time. 
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Effect H.S Concentration 


Next, some experiments 
formed determined the effect 
concentration the rate corrosion 
steel. The tests were made using the 
standard technique mentioned above.’ 
Forty-eight bottles were prepared, each 
containing 240 mineral oil, 240 
gas. the bottles, the initial H,S 
concentration the water was 194 ppm; 
another set, 622 ppm; the third set, 
1420 ppm; and the last set, 2560 ppm. 
The 2560 ppm saturated solution 
Standard steel coupons were placed 
the bottles each set; the other 
two contained metal, and were used 
establish the actual H.S concentration 
the water layer after the became 
distributed between the two layers. After 
distribution the H,S had taken place, 
the initial concentrations the 
water layers were 77, 196, 515 and 1000 
ppm, respectively. 

Bottles were removed from the shaker 
after various periods time, the loss 
weight the steel coupon was deter- 
mined, and the water layer was analyzed 
for The H,S analysis was done 
direct titration with 
solution, but modifications were necessary 
the procedure because the FeS formed 
corrosion product (present col- 
loidal precipitate) would interfere. The 
reaction H.S with 


The formed will lower the 
the solution the point where the re- 
action 


begins. Both the released 
Fe** ion will cause errors the titration. 
order prevent this reaction, was 
necessary buffer the solution strongly 
about This was easily accom- 
plished adding several grams am- 
monium acetate the titration flask. 
After this had been done, the titration 
was done directly using starch 
indicator. some cases the 
content the oil layer was also deter- 
mined the procedure 
viously. 


Figure 2—Extent of corrosion as a function of initial hydrogen sulfide 


concentration. 


The data obtained from these tests are 
shown Figure where the weight 
loss the coupon plotted against 
time, each line representing solutions 
different initial H.S concentration. From 
this figure can seen that the initial 
corrosion rate strongly dependent 
the concentration. Qualitative obser- 
vations also support this conclusion. 
the beginning, when shiny metal placed 
the corrosion medium, takes several 
minutes for the coupons 
concentrations they turn black seconds. 
high concentrations, bubbles hydro- 
gen gas can seen forming the sur- 
face the metal. 


the series experiments ppm 
there was insufficient reacting ma- 
terial present maintain corrosion over 
the period the experiment. For this 
reason the weight loss reached con- 
stant value after about week. 


the three other concentrations, cor- 
rosion proceeded continuously through- 
out the test period. After the first 
hours, these curves are roughly parallel, 
showing that the rate corrosion in- 
dependent concentration, and ap- 
parently depends only the rate dif- 
fusion the reacting species through the 
surface coating 


The results the same experiment 
are shown Figure where the weight 
loss the coupons after varying periods 
time plotted against the initial 
concentration the solution. low 
concentrations, the supply ex- 
hausted before the experiment com- 
plete, that the weight loss less than 
would expected. higher concentra- 
tions, the curves are essentially horizon- 
tal, showing that the corrosion rate in- 
dependent concentration this 
range. 

One very interesting result the ex- 
periments shown the 1,000 ppm 
curve Figure first there steep 
rise the curve, corresponding the 
initial rapid corrosion this high H,S 
concentration. Following this, however, 
the weight loss starts lag behind, and 
the end two weeks considerably 
less than that the 515 ppm series. 
Analysis the water layers showed that 


0.36 


0.27 


0.18 


0.09 


Figure 3—Ext 
with vari 


the enc 
ppm 
ppm serie: 
ered 
leakage 

The nat 
the 
ditions 
high 
the faster 
small par 
the 
concentra 
gives larg 
slow 
being 
the soluti 
ings 
the 
hard 
while 
gelatinou 
sult, the 
rate to t 
overall 
tion 
supply 
more 
time 
ger 
overall 
rate. 
rapid 
mation 


Becau 
bee 
chloride 
rosion 
test 
with lit 


| 
f 
0.24 515 ppm. 
0.24 
; 1000 ppm. 14 days 
Il days 
18 
0.18 
o 7 days 
” 
” 
re) 
| 


Days 


Figure 3—Extent corrosion function time 
with various concentrations added salt. 


the end two weeks there was still 
more than twice much the 
1,000 ppm series there was the 515 
ppm series. This indicated that the low- 
ered corrosion rate was not due any 
leakage the bottles depletion 

The nature the FeS coating formed 
the coupons will depend the con- 
ditions under which was formed. 
high concentration the solution, 
the faster initial reaction rate favors 
small particle size and dense packing 
the precipitated particles. the lower 
concentrations the slower initial rate 
gives larger particles which are deposited 
slower rate, and are more subject 
being washed off the agitation 
the solution. This difference the 
ings easily observable the coupons. 
the higher concentration, the coating 
hard and crystalline appearance, 
while the lower concentrations 
gelatinous and easily wiped off. re- 
sult, the hard coating slows the diffusion 
rate the metal surface, and thus the 
overall weight loss less. The implica- 
tion this is, that given continuous 
supply corrosive fluid, steel might lose 
more weight over extended period 
time low concentration than 
high one. also points the dan- 
ger drawing conclusions about the 
overall corrosion rate from 
rate. substance which permits initial 
rapid corrosion, but which favors the for- 
mation dense, impermeable layer 
corrosion product might the long run 
very effective corrosion inhibitor. 


Effect Salt Concentration 


Because salts are present varying 
concentrations all natural waters, 
has been the practice put sodium 
chloride the aqueous phase cor- 
rosion tests. Almost universally, when 
test described the literature, men- 
tion made the “brine” consisting 
certain percent sodium chloride, 
with little indication why the partic- 
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ular concentration was chosen. Accord- 
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Figure 4—Extent of corrosion as a function of salt concentration. 


ingly, the authors have performed series 
experiments determine the effect 
sodium chloride the corrosion rate. 


Two series ten tests each were run. 
The bottles were filled before, except 
that the solution contained per- 
cent NaCl the first series and per- 
cent NaCl the second. The con- 
centration was adjusted 1500 ppm 
which gives initial concentration 
about 540 ppm the water layer after 
distribution between the two phases. The 
results are plotted Figure 

The first thing that was observed was 
that the presence the salt altered the 
distribution the FeS precipitate. 
the absence salt, the FeS was present 
fine colloid the water layer, 
whereas even percent salt water, 
most the FeS collected the inter- 
face the oil and water and stabilized 
emulsion water oil. The excess 
water, which was not tied 
stable emulsion, was almost free FeS. 


Also, when any salt was present the 
hard black coating FeS failed form 
the steel coupon did the ab- 
sence salt. static test, the coating 
formed the steel, but soon agi- 
tation was begun, the coating washed 
off. This indicates that the presence 
the salt the water somehow weakens 
the bond between the metal surface and 
the FeS precipitate. This could caused 
the NaCl altering the particle size 
the precipitating FeS, interfering with 
the formation the FeS crystal lattice, 
affecting the surface the steel it- 
self, preventing the FeS from adhering. 

Whatever the cause, with protective 
coating FeS forming the steel, the 
corrosion the coupons continued 
higher rate over extended period 
time, can seen Figure With 
percent NaCl, the FeS washed off 
forms, and the end two weeks 
much more corrosion has 
With percent NaCl, the weight loss 


OIL-BRINE-HYDROGEN SULFIDE MIXTURES 


NaCl 


the end two weeks more than with 
salt, but not high with per- 
cent NaCl. The corrosion percent 
salt water lags behind that percent 
salt over the entire test period. 

study the effect varying con- 
centrations salt more closely, addi- 
tional set tests was made. Solutions 
containing varying concentrations 
NaCl the water solution together with 
540 ppm were prepared and run 
before for period seven days. 
before, hard coating FeS formed 
when salt was present. The results are 
plotted Figure showing the interest- 
ing result that maximum the cor- 
rosion rate occurs concentration 
percent NaCl. 

The sharp rise the curve Figure 
occurring between and percent NaCl 
caused the loss the protective FeS 
layer, discussed above. first was 
thought that the decline the extent 
corrosion from percent NaCl 
might due salting out effect, 
forcing the out the water into 
the oil phase, thus reducing its effective 
concentration. Analysis the solutions 
showed that such effect does exist, 
but considering the relative insensitivity 
the corrosion rate concentra- 
tion, not adequate explain the 
observed results except, perhaps, the 
range above percent NaCl. The sharp 
drop weight loss between and 
percent NaCl must ascribed some 
other factor. 

One possible explanation may that 
NaCl is, itself, corrosion inhibitor. The 
observed behavior could explained 
ion adsorbing the metal surface. 
This adsorption would expected in- 
crease with increasing ion concentra- 
tion certain point after which 
more ion would have little effect. 
the ion were adsorbing, and counter- 
ion layer Na* ions forming, the 
ions would have diffuse through this 
layer order reach the metal sur- 
face. Bearing mind that the ion 
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hydrated, steric factors could im- 
portant, not mention the possibility 
electrostatic repulsion from the Na* 
counter-ion layer. Adsorption this type 
might also explain why the FeS precipi- 
tate was not bound tightly the 
metal. Another possibility that 
not the ion itself, but rather com- 
plex colloidal FeS precipitate and 
ion which adsorbing. 

any such adsorption taking place, 
corrosion inhibitor which depends 
surface adsorption for its effect will have 
compete for sites the metal surface. 
For this reason, would well set 
the NaCl concentration corrosion 
inhibitor test method around per- 
cent, where the phenomenon has had its 
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NaCl content would only lower the ef- 
fective concentration, and make more 
difficult the initial dissolving the 


Conclusions 

The initial rate corrosion steel 
coupons oil-water-H,S mixtures de- 
pendent the concentration. After 
exposure time approximately one 
day the rate becomes diffusion controlled 
and independent H,S concentration 
over rather wide range. high con- 
centrations, the corrosion rate actually 
lowered because the formation 
denser, more crystalline FeS coating 
through which diffusion slower. 
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Sodium chloride concentrations 
percent weight increases the 
corrosion, because prevents the for- 
mation protective FeS coating 
the steel. Above percent NaCl, the 
corrosion rate falls off, possibly because 
the NaCl acts corrosion 
and adsorbed the metal surface. 
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Analytical Procedure for Testing the Effectiveness 
Hydrogen Sulfide Corrosion 


Introduction 


UNIFORM screening test for pos- 
sible hydrogen sulfide corrosion in- 
was proposed recently sub- 
the National Association 
Corrosion Engineers.’ this test, 100 
kerosene and 900 solution con- 
taining 500 100 ppm and per- 
cent NaCl are placed 1,000 
flask. The inhibitor then dis- 
solved the appropriate phase. 
weighed steel coupon held the oil 
phase for exactly seconds, then low- 
ered into the aqueous phase, where 
left for seven days. After this period, the 
weight loss determined and used 
measure the extent corrosion. 


This test proposed screen all ma- 
but upon examination can 
seen that inherently impossible 
compare fairly water-soluble substance 
with oil-soluble substance. The amount 
inhibitor added based the total 
volume fluid, and, since there are 900 
oil-soluble inhibitor will have nine times 
the concentration water-soluble one. 
the other hand, the coupon ex- 
posed only seconds the oil phase, 
whereas continuous contact with 
the water phase. Thus, the film life 
oil-soluble inhibitor very important 
the results, but does not matter for 
water-soluble inhibitor. The test thus pro- 
poses maintain effect that ten 
second exposure any 
hibitor certain concentration 
equivalent continuous exposure 
water-soluble inhibitor one-ninth that 
concentration. 


Since the proposed NACE method 
designed screening test, serious 
drawback exists that number in- 
hibitors which are effective under field 
conditions will show poorly not all 
this testing procedure. this category 
are such materials as: 


(1) Any oil-soluble inhibitor depending 
for its effectiveness surface adsorption 
that does not fully adsorb within 
seconds. 


(2) Any oil-soluble inhibitor depending 
for its effectiveness surface adsorption 
which adsorbs seconds, but begins 
desorb, any way lose its effective- 
ness, within days when subjected 
corrosive water solution containing 
more inhibitor. 


(3) Any oil-soluble inhibitor which re- 
quires products the corrosion reaction 


% Submitted for publication January 28, 1958. 

@ General Electric Company, Hanford Atomic 
Products Operation, Richland, Washington. 

@) Chemistry Department, The University of 
Texas, Austin, Texas, 


build protective coating the 
metal. 


(4) Any inhibitor which requires the 
presence oil the protection mech- 
anism. 


This very formidable list in- 
hibitors exclude from consideration. 

Although this has not been checked 
experimentally, would appear that the 
NACE test has steadily decreasing cor- 
rosion rate, rather than constant one. 
has been shown previous 
that the coating FeS which builds 
the metal can slow the corrosion 
this manner. Since the NACE test 
static one, iron sulfide coating will 
form and remain the coupons, while 
actual field practice might con- 
tinuously removed the flowing liquid. 
Thus, poor inhibitor will not show 
bad actually because the cor- 
rosion products formed will protect the 
surface. This same objection could 
raised against any static test method. Ad- 
mittedly, static test simpler, and can 
carried out more quickly with less 
equipment, but the effectiveness 
given substance corrosion inhibitor 
may quite different the two situa- 
tions. 

The NACE-proposed test has 
shortcomings which could result dire 
consequences the future some com- 
mercial inhibitors should become the 
nation-wide standard comparison test. 
The testing procedure presented this 
paper has been set-up such manner 
avoid these difficulties. 


Test Procedure 
description materials and equip- 
ment used the authors’ test given 
below. 


Materials and Equipment. 
Distilled water 


Light mineral oil—USP grade (240 
required for each test) 


NaCl—analytical reagent grade 
Hydrogen sulfide lecture bottle 


1/16th inch steel plate (1020 grade) 
with inch hole drilled inch 
from one end. All coupons cut 
from the same piece sheet steel 
and prepared before use 
described below. 

Cylinder nitrogen gas (with reduc- 
tion valve) 

(0.05 molar) standard iodine 
solution 

Soluble starch (indicator grade) 


Inhibited HCl containing 
“pickling” inhibitor) 


Abstract 


A new method is proposed as a standard 
screening test for possible hydrogen sulfide 
corrosion inhibitors. This is a dynamic, 
weight-loss method which attempts to 
control conditions sufficiently well that 
substances which offer promise of being ef- 
fective inhibitors under field conditions can 
be selected for further study. The test is 
cheap and simple, that can run 
economically relatively untrained tech- 
nician on large numbers of materials. 

The method is described and the reasons 
for choosing the particular conditions are 
explained. Then illustrations of the applica- 
inhibiting substances are presented. 2.3.4 


“French Square” screw cap bot- 
tles with metal caps 

One gallon glass jug with two-hole 
rubber stopper 

Bottle shaker—see descriptions below 

Heavy-weight polyethylene film cut 
into inch inch squares 

glass rod 

glass tubing 

burette 

125 conical flasks 

pipette 

0.1 pipette 

0.2 pipette 

0.5 pipette 

No. gauge copper wire 

Rubber tubing 

connector for rubber tubing 

One pinch clamp 

Three screw clamps 

liter graduated cylinder 

500 graduated cylinder 

Analytical balance 

Funnel 


Construction the Filling Apparatus. 


Figure gives schematic diagram 
the apparatus. This assembly will save 
much time the handling the solu- 
tions used. 


Bottle Shaker. 

Figure shows photograph the 
device used for shaking the sample bot- 
tles. simple construction, and 
easily built. The sides are made from 
two 1x8 inch boards, and 2x8 inch 
board used for the center and ends. 
The bottles are held place strip 
wood fastened with three wing nuts. 

piece rubber tubing tacked 
the underside this strip. The shaker 
1460 rpm through reduction 
gear box, that the rotation rate 
rpm. There metal-metal sleeve 
bearing the motor end, and metal- 
wood bearing the other end. 

This shaker worked very satisfactorily 
over period several months. 
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Figure 1—Apparatus for filling sample bottles. 


Figure 2—Apparatus for rotating sample bottles. 


using four sides instead two, shaker 
hold bottles could made. 


Preparation Coupons. 


The coupons should mechanically 
sanded with fine (No. emery paper 
give uniform new metal surface. 
High polishing mirror-like surface 
unnecessary. All grease, emery dust, 
fingerprints, etc., should removed with 
soap, water, and fine steel wool. soon 
this washing begun, care must 
taken not touch the metal surface 
with the fingers. The coupons should 
handled means glass hook 
forceps. The clean coupons 
rinsed remove any soap, dipped dis- 
tilled water, and then dried washing 
with acetone. Care should taken not 
let any soap dry the 
fore rinsing. 

Clean coupons should weighed 
the nearest 0.1 and the 
corded. each coupon weighed, 
should wrapped paper placed 
envelope, and its number written 
the outside. 

The coupons should stored 
desiccator until used. The new metal 
surface rusts very rapidly left exposed. 


Preparation Solution 


Place three liters distilled water 
the glass jug. This gives 
tion for ten tests. Bubble nitrogen gas 


vigorously through the distilled water 
remove any dissolved oxygen. large 
amount oxygen dissolved, will 
help pull vacuum over the water 
first. The length the wash depends 
the amount oxygen present, but about 
minutes usually sufficient. when 
the introduced, the solution turns 
even slightly cloudy, all the oxygen was 
not removed, and the solution should 
discarded. 

Add 155 NaCl, weighed the 
nearest gram, the water, forming 
percent solution. The bubbling the 
nitrogen can used for stirring dis- 
solve it. 

Wire the stopper the jug and con- 
nect the cylinder the discharge 
tube. The required concentration 
dangerous. Take precautions avoid 
undue exposure. Work hood.) Place 
about five pounds pressure the 
jug. Shake the jug vigorously, then bring 
the pressure back and repeat the 
shaking. this manner the required 
concentration can introduced 
few minutes without exposure 
little experience necessary know 
how many shakes are required, but try 
about ten cycles shaking and bringing 
the pressure back before checking the 
concentration. After practice, the amount 
closely. 
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Open the jug hood and 
sample. (Do not pipette 
mouth!) Titrate the sample 125 
conical flask with standard 0.1 
(0.05 using freshly prepared starcl 
solution indicator. Add about per 
cent the iodine before shaking, 
order reduce the losses: 
traces react rather slowly. The 
reaction is: 


Thus, one equivalent iodine equals 
one-half mole H,S. Since 
mg/liter, the ppm H.S may calcu- 
lated by: 


ppm. 


iodine norm. iodine 17,040 
sample 


Adjust the concentration 1500 
ppm. too much has been put in, 
can removed quick wash with 
nitrogen. 


Mounting Coupons 


Ten weighed coupons are required for 
each inhibitor run. Place each 
coupon the bottom bottle, diagon- 
ally across the square, hole up. piece 
glass rod then cut fit 
diagonally from the bottom the bottle 
the top, passing through 
These rods should cut about inch 
short allow for variations the sizes 
the bottles. they are too long, they 
will break when the caps are screwed on. 
Fire-polish the ends that they will not 
cut the plastic film. These rods may 
used over and over. Mark each bottle 
with the coupon number. 


Addition Oil 

Add 240 light mineral oil. 
each bottle. Allow few minutes for gas 
bubbles escape. 


Addition Inhibitor 

Use duplicate samples 10, 25, 50, 
and 100 ppm inhibitor (based 
480 total fluid) and two blanks. 
the inhibitor water soluble, place the 
drop inhibitor the bottom the 
bottle under the oil layer. not shake. 
When the water added the next 
step, the inhibitor will dispersed. 


Addition Water 


Wire the stopper the jug place 
and put about five pounds pressure 
nitrogen. Place the discharge 
neath the surface the oil sample 
bottle, open the pinch clamp, and intro- 
duce 240 water. This measured 
finding out the position the bottle 
that corresponds 480 (allow for the 
volume the discharge tube) and add- 
ing water until the oil layer reaches this 
mark. All the bottles are filled this 
manner, that oxygen comes 
contact with the water. Proceed im- 
mediately the next step, since the 
will start diffusing into the oil and 
out the bottle left uncapped. 


Addition Nitrogen Gas 


Start vigorous discharge nitrogen 
gas out inverted Place the 
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ANALYTICAL PROCEDURE FOR TESTING THE EFFECTIVENESS H2S CORROSION INHIBITORS 


100 


Figure 3—Percent protection by various inhibitors as a function of inhibitor concentration. Code to numbers 
is as follows: (1) Diethylenetriamine, (2) Triethylenetetramine, (3) Duomeen 12D, (4) 2-Mercaptobenzothia- 
zole, (5) Sodium pyrophosphate, (6) Benzoic acid. 


test bottle under this funnel for 
seconds sweep out any air the 
bottle. Keeping the bottle under the 
nitrogen jet, slip inch inch 
piece polyethylene film over the top. 
Holding the film taunt with the thumb 
and forefinger the left hand, remove 
the bottle and screw the cap. Take 
great care that there are wrinkles 
the plastic along the top rim the bot- 
tle. Finally tighten the cap. similar 
manner seal all the bottles. 


Duration Test 

Place the bottles the shaker and 
begin rotation. This rotation must con- 
tinue hours day for seven days. 
After this period remove the bottles from 
the shaker and open hood. The 
sound escaping gas should heard 
each unsealed much corrosion has 
occurred. 


Cleaning Coupons 


Wipe off all oil and loose material 
with paper towel. Dip each coupon 
inhibited HCl solution for about ten 
seconds loosen any remaining scale. 
Then wash each coupon with soap and 
water using fine steel wool. Rinse with 
water and dry with clean towel. 
careful not touch with 
Dip acetone and, when dry, reweigh 
0.1 mg. 


Calculation Results 
Calculate percent protection: 
percent protection 100 


loss inhibited coupon 100 
loss blank coupon 


Calculated this way: 


Perfect protection 100 
protection= 
Catalytic effect negative result 


Plot percent protection ppm inhibitor 
added. 


Explanation Test Method 


general, the choice conditions for 
the test method has been based two 
fundamental considerations. First, the 
procedure must run under conditions 
such that, the best present 
edge, will pick out substances, regard- 
less their nature, that are likely 
useful corrosion inhibitors the field. 
These promising materials can then 
investigated more completely. Secondly, 
the test procedure must 
cheap and simple that can run 
economically large numbers 
nician. 


Test Container. the past, various 
pieces laboratory glassware—flasks, 
side arm test tubes, been used 
for corrosion test containers. All such 
glassware expensive. the containers 
are used only once, they can represent 
sizeable expense over period time. 
they are reused, the costs involved 
washing must considered. Besides the 
financial question, there the fact that, 
since inhibitors are surface-active agents, 
there always the chance that some in- 
hibitor adsorbed the glass will carry 
over from one test another. Very 
small concentrations inhibitors are 
used, just little contamination would 
affect the results. The bottles chosen are 
readily available anywhere, convenient 
use, and very cheap that they may 
discarded after use. 

The method sealing has been 
shown’ effective and not intro- 
duce any substance that will interfere 
tainer, such that suggested Cald- 
well and would have certain ob- 
vious advantages. However 
are expensive use when hundreds 
tests are run, and certain amount 
glass-blowing skill needed for 
proper sealing. The method the authors 
have adopted simple and requires 
special skill. Both the metal and plastic 


Figure 4—Extent of corrosion in the presence of 
various inhibitors as a function of time. Code to 
numbers is as follows: (1) No inhibitor, (2) Carbon 
monoxide, (3) Potasium dichromate, (4) 2-Mercapto- 
benzothiazole, (5) Duomeen 12D. 


caps were tried bottles with the metal 
caps proving more foolproof. The 
plastic caps could broken too easily 
tightening. 


Solutions. Some inhibitors are oil- 
soluble, others are water-soluble dis- 
persible, and some not fit either 
classification, but are somewhat soluble 
both phases. all these materials are 
compared with one another 
their inhibiting properties, the test sys- 
tem must such that both the oil phase 
and the water phase come contact 
with the metal surface, that regardless 
which phase the inhibitor in, 
will reach the metal. Also, some inhibi- 
tors require time interval contact 
before they become effective; for this 
reason this mutual contact water and 
oil the steel must maintained over 
the length the test. 

The corrosion process static sys- 
tem certainly different from the proc- 
ess dynamic situation, for 
other reason than that the corrosion 
products and the inhibitor adsorbed 
them may washed off the dynamic 
one. dynamic test was chosen because, 
addition the necessity bringing 
both phases contact with the steel, 
flowing conditions more realistically sim- 
ulate the actual conditions under which 
inhibitors are used. 

Equal volumes oil and water were 
used, that equal amounts oil- 
soluble and water-soluble materials were 
added, their concentrations would 
the same. 

has been the practice some tests 
use “sour” crude oil the oil phase. 
This seems highly undesirable for the 
reason that such oil completely 
reproducible. The composition crude 
oil different from well well, and 
changes from day day the same 
well. Also, some oils are known con- 
tain materials which are natural cor- 
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rosion inhibitors. Other purified hydro- 
carbons, such kerosene, could used 
instead mineral oil, but the whole 
was felt that the USP grade light 
mineral oil would present more uni- 
form composition and freedom from im- 
purities regardless the source from 
which was obtained and would have 
similar physical properties crude oil. 

The gas essential. The re- 
action the steel surface is: 


the bottles were completely full 
liquid, the pressure the hydrogen pro- 
duced would either cause the cap leak 
would break the bottle. Nitrogen was 
chosen because inert, cheap, and 
readily available. 

The concentrations H.S and NaCl 
were chosen for the test the basis 
experiments described earlier.’ 


Steel Coupon. The steel coupon was 
cut the same size standard micro- 
scope slide facilitate examination. 
Mild (1020) steel was chosen since 
widely used actual construction. 
The inhibition corrosion 
metals alloys could studied 
similar manner. The fact that pieces 
steel with different past histories will 
corrode differently poses major prob- 
lem for any standard test. Since the test 
procedure compare the relative effec- 
tiveness various inhibitors, the prob- 
lem can most nearly overcome 
cutting all the coupons used from 
the same piece steel. 


The cleaning procedure used 
move FeS from the coupons after 
corrosion test and before weighing has 
been shown reproducible and ef- 
fective. The loss weight blank 
coupons subjected this treatment was 
always less than 0.0005 gm. difficulty 
was encountered reusing the coupons 
for additional tests they were polished 
the emery wheel and carried through 
the standard initial cleaning procedure. 


Any discussion this article not published above 
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Sample Inhibitor Tests 


illustration the effectiveness 
the proposed test screening possible 
inhibitors, six materials widely dif- 
ferent types were chosen ranked 
their effectiveness hydrogen sul- 
fide corrosion inhibitors. All were run 
the standard way for period days, 
using varying concentrations inhibi- 
tors. The results obtained are plotted 
Figure 


can seen that benzoic acid had 
detachable inhibiting action. Sodium 
pyrophosphate had some effect, but not 


enough any practical signifi- 
cance. 


The inhibitor activity 2-mercapto- 
benzothiazole continued rise with in- 
creasing concentration throughout the 
test range. Diethylenetriamine 
ethylenetetramine were the most effec- 
tive the corrosion inhibitors tested 
(although much better ones are known), 
and appear equally effective. The 
shape the curve for Duomeen 12D 
interesting and can correlated with 
observations the coupons during the 
course the run. heavy coating 
oil was found adhere the coupons 
low inhibitor concentrations. Duo- 
meen 12D excellent emulsifying 
agent, and the higher concentrations 
strongly emulsified the test solutions, 
leaving much lighter oil coating 
the coupons. Thus higher concentra- 
tions Duomeen 12D decreases the thick- 
ness the protective oil coating and 
than low concentrations. effect 
this nature would not have been dis- 
covered using the NACE test procedure. 


The test method outlined also can 
used study the variation corrosion 
inhibition efficiency with time. Four 
inhibitor materials (carbon monoxide, 
potassium dichromate, 2-mercaptoben- 
zothiazole, and Duomeen 12D) were 
chosen added excess the test 
system. the carbon monoxide tests, 
gas was placed the gas 
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phase above the two liquids. Since potas- 

sium dichromate reacts with 
could not added the test bottles 
(nor could economically added 
the crude oil line field 
Instead, the coupons were first dipped 
dichromate, and then placed 
hibitor-free test system. The results 
these tests are plotted Figure 

From Figure can seen that 
neither carbon monoxide nor 
any inhibiting effect durin 
the first day, while the protective coat- 
ing being formed. After this time. 
carbon monoxide has slight 
effect. Since the curve for 
12D flattens out, would appear 
excellent inhibitor over 
periods. The 2-mercaptobenzothiazok 
acts quickly, but the corrosion then ap- 
pears proceed continuous, though 
considerably slowed, manner. Potassium 
dichromate protects well first, but 
after about three days the absence 
fresh supply inhibitor, the protection 
disappears and the corrosion rate (as 
shown the slope) the same with 
inhibitor present. 

can seen from the data presented 
for the sample inhibitor tests that 
many cases the effectiveness 
hibitor depends the conditions 
contact between the inhibitor, the metal, 
and the two-phase corrosive medium. 
for this reason that this proposed test 
was developed. meets the conditions 
simplicity and economy, and also 
comes closer than many tests dupli- 
cating actual field conditions. The test 
dynamic one, with both oil and 
water phases flowing over the metal, and 
the inhibitor given equal chance 
protect the surface regardless its rela- 
tive solubility the two phases. 
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Introduction 


the more serious problems 
that confronts the water flood op- 
corrosion. Unless this problem 
controlled can result premature 
ermination the flooding operation. 
has occurred many cases and 
consequence the recovery oil has 
been considerably less than anticipated. 
There are many different ways 
vhich the effects corrosion are mani- 
‘ested. The most obvious are the perfo- 
ation carrying lines and the reduced 
life equipment. addition, however, 
corrosion products may react with some 
the constituents the brines used for 
forming insoluble products 
which are filtered out the formation 
face. This results lower injection rates 
and necessitates higher injection pres- 
sures. Eventually can lead complete 
plugging the formation. 

The control corrosion can accom- 
plished either the use equipment 
that will not react with the brine, 
rendering the fluid less corrosive. Plastic 
cement lined equipment used 
some instances, but where expected flood 
life low generally more econom- 
ical treat the brine chemically re- 
duce the corrosivity. Corrosion inhibitors 
have found wide acceptance for this pur- 
pose. Unfortunately, there known 
corrosion inhibitor that effective 
every water. This variation inhibitor 
performance has necessitated the evalua- 
tion inhibitors under the environ- 
mental conditions for which being 
considered. trial pilot flood one 
the best ways checking inhibitors, 
but this often too costly and time con- 
suming and therefore, reliable labora- 
tory test method would have considerable 
value. Such method has been developed 
and described detail this paper. 


Field Conditions 


secondary recovery system, 
simplest form, consists 
well, producing well, and water 
source. These points are generally con- 
nected carrying lines and usually in- 
clude reservoirs, tanks, filters, pumps, etc. 

There are two basic types systems 
for water flooding: open and closed. 
open system the injection brine comes 
contact with the atmosphere. 
closed system, air excluded. Stabiliza- 
tion calcium, barium and other metal- 
lic ions prevent their deposition 
seldom problem closed systems, but 
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phates for this purpose open systems. 
Metals such iron manganese 
solution are undesirable because they can 
form insoluble particles. They can 
controlled either the use certain 
organic acids chelating agents. 

The most common metal used water 
flooding equipment mild steel. Copper 
alloys light metals are not resistant 
enough the brines used. Therefore, 
corrosion water flooding almost ex- 
clusively that ferrous metals. 

Environmental conditions may vary 
considerably from one waterflooding area 
another. Their effect the nature and 
amount corrosion considerable, and 
any laboratory test for waterflood corro- 
sion studies must give due consideration 
the conditions existing the particu- 
lar area under study. 

The range temperatures generally 
posed surface lines can reach the upper 
limit but seldom are higher. course, 
the subsurface system will have higher 
temperatures, but this constitutes only 


-small part the total carrying lines. 


The movement fluids the lines 
moderate. There are few stagnant areas. 
The flow will the range several 
feet per second. 

The waters used for sub-surface injec- 
tion are generally saline. There are some 
areas where fresh waters are injected, but 
these are the exception rather than the 
rule. Injection fresh water can lead 
swelling some clay constituents 
the formation, and for this reason this 
procedure ordinarily not followed. 
addition, fresh water seldom available 
the quantities needed for water flood- 


Abstract 


new test method presented for evalu- 
ating corrosion inhibitors for secondary 
recovery systems. The test characterized 
its relatively high ratio volume 
water to surface area of metal exposed. 
Variables studied included dissolved oxy- 
gen, dissolved solids and pH. Cor- 
rosivity brine was found almost 
directly related the dissolved oxygen 
level. was found also that high 
was not necessarily more corrosive 
than one having low level H2S, but 
that the attack became more localized. The 
higher the level, the higher the in- 
hibitor level required obtain equiva- 
lent level protection. The greatest effects 
variations dissolved solids are in- 
direct. The solubilities of dissolved gases 
and organic inhibitors are inversely pro- 
ortional the level dissolved solids. 
did not affect the performance 
hen H2S was present, the protection with 
this inhibitor dropped off slightly the 
lowered 
This test method evaluate 
commerciai water flood in- 
Experimental inhibitors were 
tested until one was found that exceeded 
the performance those now being used. 
This one was tested several floods and 
the excellent performance, predicted from 
the laboratory results, was confirmed. 5.8.1 


ing. The salinity the waters can range 
stances higher brines reported. The 
dissolved gases these brines also vary 
widely. Hydrogen sulfide, carbon dioxide 
and oxygen are the ones greatest con- 
cern water flooding. Hydrogen sulfide 
varies from trace amounts around 
600 mg/liter extremely sour areas. 
Carbon dioxide also varies over sim- 
ilar range. Dissolved oxygen ranges from 
practically zero approximately 
mg/liter brines. 

Generally the values injection 
brines are not too far removed from the 
neutral point, but there are waters where 
the quite low due the presence 
dissolved acidic gases. This occurs 
mostly closed systems. Open systems 
generally have waters with near 
neutral. 


Experimental 

Apparatus 

The test developed for studying corro- 
sion inhibitors for water flooding essen- 
tially recirculating system. The appa- 
gallon reservoir, centrifugal pump, 
and plastic cell for holding the cou- 
pons. The plastic cell was formed from 
lucite core and two inch 
lucite cover plates. The channels were 
cut the core, and the holes drilled and 
tapped. The cut surfaces were finished 
off, and then the cover plates were glued 
under pressure. The dimensions 
the finished cell are inches for 
the coupon unit. Cells measuring 
inches have been made for holding 
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Figure 2—Block for coupon testing. 


4 } } } 


treatment ] | 


x 100 mg/I Inhibitor Ci 


Corrosion rates in mpy 


Dissolved Oxyger (mg/i) 


Figure 3—Effect of dissolved oxygen in 3 percent 
brine with 10 mg/liter hydrogen sulfide. 


coupons. The channels are inch 
photograph this larger block. 


The test coupons are held the chan- 
nels coupon holders. They are made 
from inch stainless steel pipe plugs 
that have been drilled and tapped the 
threaded end. The hole accommodates 
inch hard rubber rod. The free end 
the rod prepared hold the cou- 
pon with nylon bolt. The cou- 
pons are bolted the holder and then 
screwed place the plastic block. 

The coupons used this work were 
SAE 1010 mild steel. They have 
inch hole drilled one end accom- 
modate the nylon bolt. The are 
sand blasted before use. They are also 
rinsed toluene and acetone prior 
use. the conclusion the test they 
are rinsed free loose deposit 
ning tap water, then acid 
muriatic acid inhibited with formalde- 
hyde. After the second acid dip they 
are neutralized soda ash solution, 
washed running water, and then dipped 
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Figure 4—Corrosivity percent brine containing hydrogen sulfide and less than 
dissolved oxygen. 


acetone and dried. The coupons can 
then weighed. The cleaning 
determined repeating the procedure. 
The corrosion rates are then calculated. 


probes also can used 
the test block. These devices have the 
obvious advantages enabling one 
keep continuous check corrosion 
rates, and also find use studying film 
persistance. Probes were generally used 
tests longer duration than day, 
because the ease with which repetitive 
readings could made, contrast 
the limited number possible with coupons. 


The three component parts this ap- 
paratus are interconnected with inch 
No. 304 stainless steel pipe. The flow 
through the system from the reservoir 
the bottom the plastic block and 
out the top. Then the water enters the 
pump and proceeds through the gate 
valve and back the reservoir. The test 
cell the suction side the pump 
minimize leakage. The pump 
Eastern Industries Model D-11 stainless 
steel centrifugal pump. The flow rate 
set liters per minute. 


Test Conditions 


Some the initial work was done 
synthetic percent brine. This was 
used because was typical water 
the initial survey some areas where 
flooding was being done. Since that time, 
additional surveys water flood systems 
have shown that brines higher dis- 
solved solids are more representative 
areas where much the flooding tak- 
ing place. percent 
brine was synthesized for this work. Typ- 
ical analyses these two brines are given 
Table 

The mineral contents the brines are 
relatively simple duplicate. more 
difficult task provide brine hav- 
ing dissolved gas content similar 
that occurring naturally. With this test, 
the best means for accomplishing this 
sweep the reservoir with blend 
the gases ratios that will give the de- 
sired dissolved gas content solution. 
the recirculating test this was done 


inserting perforated plastic cylinder 
the reservoir and introducing the gas into 
its center through gas diffusion tube. 
The gases were metered using Fisher and 
Porter Flowraters. The composition 
the test brine was checked using stand- 
ard APHA methods when possible. The 
dissolved oxygen level was determined 
with the Dorber* rotating platinum elec- 
trode meter. 

most areas corrosion studies, nu- 
merous test methods have been published. 
The lack published methods the 
area water flooding may due the 
difficulties inherent the duplication 
actual operating conditions. The mineral 
content the water generally easy 
duplicate the laboratory, but the dis- 
solved gas content can very difficult 
reproduce. The relationship between 
the various dissolved gases must main- 
tained order simulate the corrosiv- 
ity the system. Water flood systems are 
essentially “once-through,” and therefore 
the volume water per unit surface 
area metal exposed quite high. Also, 
because the large volumes fluids 
involved, only low dosage levels in- 
hibitors are economically practical. 

The temperature the brine during 
the test was 105 The tests were 
started with the brine that tempera- 
ture. This temperature the test appa- 
ratus was maintained without the appli- 
cation external heat. This was possible 
due the introduction heat friction 
and the shearing action the impeller 
section the pump. 

Most water flood inhibitors 
face active. Because the tendency 
such materials attach 
any solid surface, was felt that high 
ratio water metal surface was de- 
sirable. continuous replenishment 
the protective film must also provided. 
These two objectives were accomplished 
designing test having large reser- 
voir and test cell that would hold the 
test panels the flow the fluid. The 
ratio water volume metal surface 
area this test about liters per square 


* Dorber Company, Chicago, Illinois. 
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inch, whereas other typical laboratory 
the ratio generally about 100 
200 per square inch. 

The use greater volume test 
water than found commonly labora- 
cory tests also has other advantages. The 
composition the test fluid will change 
during the course the test. 
some batch type aqueous tests, for ex- 
ample, the may increase much 
one unit hour period. Also 
reckoned with the consumption in- 
hibitor. many batch type tests the con- 
sumption surface active inhibitor can 
hours when low concentrations are 
used. this recirculating test, the con- 
sumption inhibitor does not exceed 


Procedure 

prepare for setting test, the 
first step make the test water 
addition the appropriate chemicals 
tap water the reservoir. The water 
and maintained there throughout the test. 
Next the inhibitor added the water. 
Then the test block isolated from the 
reservoir with either valve cork 
stopper placed into the pipe the bot- 
tom the reservoir. the low sulfide 
tests (1-20 mg/liter H:S) coupons are 
then inserted, the system assembled, and 
the pump started. then introduced. 

high H:S (>200 mg/liter) tests 
the reservoir swept with blend 
and prior the insertion the 
coupons until equilibrium reached (1-2 
hours). Then the coupons are put 
place and circulation started. The test 
generally allowed run for hours. 
When desired observe pitting 
exposure period least one week 
necessary. 

calculate the data, corrosion rates 
for untreated system are needed. This 
figure expressed zero protection. 
The rates with inhibitors are converted 
into percent protection from this base. 
The test coupons were always examined 
for the type attack. Pitting was evalu- 
ated visually. 

The test period can almost any 
desired length time. Corrosion studies 
the field generally require exposures 
two weeks month. For laboratory 
evaluations this would too long, and 
the test was designed yield results 
hours. The validity the one day 
results was confirmed checking against 
one week tests. Excellent correlation was 
obtained between the tests run for differ- 
ent exposure periods. 


TABLE 1—Typical Analyses Synthetic Test Waters 


LABORATORY METHOD FOR EVALUATING CORROSION INHIBITORS FOR SECONDARY RECOVERY 


Results 
Reproducibility 

One the primary requirements for 
laboratory test that the results can 
reproduced. this particular testing 
procedure there are two different areas 
where reproducibility needed: (a) the 
coupons within given test block should 
correlate with each other and (b) results 
from one run the next should 
reproducible. The work shown Table 
which was carried out percent 
brine with the low H:S level 
than mg/liter dissolved oxygen was ex- 
cellent. The duration these tests and 
all the other tests described 
paper unless otherwise specified was 
hours. 

The results with commercial inhibitors 
this test also correlated well with the 
available field data. The same order 
effectiveness was obtained for these mate- 
rials both the laboratory and sev- 
eral applications the field. 

During the course this work many 
different inhibitors were studied. Data 
three typical materials are given this 
paper. They are represented the let- 
ters and They are all high 
molecular weight nitrogenous organic 
formulations. Inhibitor oil based 
formulation, while and are water 
based. Inhibitor was developed with 
the aid the test described this paper. 
Inhibitors and are typical commer- 
cially available inhibitors. 


The Effect Oxygen 

The effect dissolved oxygen cor- 
rosion was essentially linear the range 
studied (the corrosion rates for the blanks 
increased the dissolved oxygen level 
increased). These results are shown 
Figure for work done the percent 
brine with mg/liter Corrosion in- 
hibition commercial water flood 
inhibitor (Inhibitor was fairly good 
until the dissolved oxygen reached about 
mg/liter this test. the dissolved 
oxygen level was increased 
point, the protection dropped off. With 
100 mg/liter Inhibitor the protec- 
tion below mg/liter dissolved oxy- 
gen was high percent, but 
the oxygen was raised mg/liter, only 
percent protection was obtained. 
dissolved oxygen levels near saturation, 
very little protection was obtained with 
available inhibitors 100 mg/liter 
less. 


Figure 5—Probe elements from Figure 4 tests. 


Effect H.S 

The corrosivity the percent brine 
containing less than mg/liter dis- 
solved oxygen increased with increasing 
levels but not sharply might 
expected. The results are given Fig- 
ure significant observation this 
effect was that the treatment require- 
ments with Inhibitor went the 
level was increased. other words, 
obtain the same degree protection 
two tests low sulfide 
levels, the high sulfide test would require 
about five times more inhibitor. Also, 
the high system the attack was lo- 
calized and severe pitting occurred. 
one week test, perforation the Corro- 
someter strip probe occurred several 
places. Figure shows the probe element 
from these tests. 


Effect Dissolved Solids 
The early work with the 
brine was designed aid understand- 


TABLE 2—Correlation and Reproducibility Tests 


Reproducibility of Test* Average mpy 


Low Brine High Brine No Treatment. . (1) 13.6—14.9—13.2> 13.9 
Total Dissolved 38,000 104,000 Results with Inhibitor 
Total Hardness (as CaCOs).............605. 6,800 1,895 (Percent Protection) 
Calcium Hardness (as 4,400 1,350 
Magnesium Hardness (as CaCOs).........-.- 2,400 545 10 mg/l 25 m¢/l 50 mg/l 
Total Alkalinity** (as Test 48, 49, 54> 66, 64. 76, 75, 
Ba & Sr as combined sulfates..............- 310 0 Test No. 2..... 48, 46, 41 70, 64, 61 72, 77, 73 
Average...... 45% 65% 74% 


® Ten percent bri 


* Alkalinity to phenolphthalein indicator. 
** Alkalinity to methyl orange indicator. 


oxygen. 
» The groups of 3 


with low level and under mg/liter dissolved 


figures are from the three coupons in one test cell. 
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Corrosion Rate(mpy) 


Present 


Absent 


for blank 


Figure 6—Relationship between and corrosivity percent brine containing mg/liter hydrogen 
sulfide and 4 to 5 mg/liter of dissolved oxygen. 


ing more about the factors and mecha- 
nisms involved corrosion and corrosion 
inhibition secondary recovery. The 
percent brine was used the work in- 
volved the development new and 
improved corrosion inhibitors. 

was found that the corrosivity 
brine having low level and dis- 
solved oxygen below mg/liter did not 
appear have direct relationship 
the dissolved solids content. Corrosion 
rates for blank tests with percent and 
percent brines (all other factors being 
constant) were mpy and mpy. Gen- 
erally other factors such dissolved 
gases and affected the corrosion rates 
greater extent. 

Substances dissolved water increase 
the conductivity, but increase dis- 
solved solids water already contain- 
ing high proportion solids solu- 
tion, and therefore having high con- 
ductivity, seemed have little effect 
the rate corrosion. 

The aggressiveness chlorides well 
known, and most injection waters are 
high chlorides. But again discussing 
the effect chlorides brines, the com- 
parison not between water free 
chlorides and one high chlorides. When 
the corrosivity brine containing 
percent NaCl compared with one con- 
taining percent the effect small. The 
change the solubility gases, and 
specifically the decrease oxygen solu- 
bility, tends offset the increase cor- 
rosivity due the presence increased 
numbers chloride ions. 


Effect 

Studies the effect were car- 
ried out adjusting the with small 
amounts HCl and NaOH. was 
found that the increased from 
the corrosivity decreased approxi- 
mately half. Corrosion inhibition with 
Inhibitor the case percent brine 
containing low H:S and from 
mg/liter dissolved oxygen, was some- 
what poorer the low level than 
These results are shown Fig- 
ure Corrosion inhibition with Inhibi- 
tor the same brine without 


was affected less change from 
The protection obtained was less 
this case over the range studied. 
recognized that lower levels 
are found some closed systems, but 
most injection brines will fall the 
range studied. 


Results with Inhibitors 


The dosage levels corrosion inhibi- 
tors laboratory tests are characteris- 
tically higher than those required 
practice. This partly because the 
time element. practice longer pe- 
riod generally allowed for the forma- 
tion the inhibitor film. The value 
laboratory test diminished the ex- 
posure period required too long. Labo- 
ratory tests are usually made more severe 
for this reason, and consequence, 
higher treatment levels than those used 
practice are generally necessary. The 
test presented this paper has succeeded 
decreasing the discrepancy between 
laboratory and field dosage levels, but 
difference still exists. For example In- 
hibitor which requires about mg/ 
liter for appreciable degree pro- 
tection the laboratory test, generally 
used about mg/liter the field. 

Inhibitors were studied levels rang- 
ing from mg/liter 100 mg/liter. 
was found that many materials gave good 
protection 100 mg/liter, but 
lower dosages, the differences between 
inhibitors became more The 
economics water flooding are such that 
low levels treatment must 
Therefore, comparison inhibitors 
lower dosages believed more sig- 
nificant than that higher concentra- 
tions. 


important characteristic good 
inhibitor performance was found 
relatively gradual slope the curve 
for percent protection treatment level. 
About percent protection was found 
mg/liter. Many inferior inhibitors (based 
field results) gave high per- 
cent protection mg/liter, but 
showed effect mg/liter. Data 
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Figure 7—Dosage vs percent protection for inhibitor: 
percent brine containing mg/liter hydro- 
gen sulfide and less than mg/liter 
oxygen. 
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Figure 8—Results field tests with three inhibitors. 


three typical inhibitors are given 
Figure 

Field reports the inhibitors studied 
have substantiated the results obtained 
this laboratory test. Inhibitor has been 
found give superior protection over 
Inhibitors and under several dif- 
larly corrosive system having H,S 
level about 600 mg/liter, Inhibitor 
has virtually stopped the pitting attack 
and giving excellent protection. 
several other applications, Inhibitor 
has given better protection 
mg/liter than two other commercial in- 
hibitors have shown mg/liter. Fig- 
ure shows such results for flood hav- 
ing brine content percent, low 
and mg/liter dissolved 


oxygen. 


Summary 


new test method has been developed 
that particularly suitable for evaluat- 
ing corrosion inhibitors for water flood- 
ing. corrosion inhibitor developed with 
this method has been tested several 
field applications and good correlation 
has been found exist with the lab 
results. 
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Introduction 


URPOSE this presentation 

discuss the development, properties 
and characteristics wash primers 
that they may considered prin- 
ciple for future developments. Because 
the urgency the project during 
World War II, little time was allowed 
for detailed study the fundamental 
wash-primer reaction. Wash primers were 
developed because need for ma- 
terial possessing certain fundamental 
properties, i.e. improved adhesion pro- 
tective coatings metal and better re- 
sistance corrosion. 

Subsequently, several 
have published data 
wash-primer reactions and the products 
formed the metal-wash primer inter- 
face. Data tend confirm the existence 
some the properties predicted 
the time their development. 

Wash primers were announced the 
public 1947. Thus, they comprise 
relatively new method for combating cor- 
rosion metals and improving adhesion 
protective coatings. Wash primers re- 
sulted from work done Bakelite Com- 
pany laboratories during World War 
under agreement with the National 
Defense Research Committee. The basic 
patent wash primers (U. 2,525,107) 
1950 was assigned the Secretary 
the Navy. 

Although this project was not made 
available’ for commercial use until 1946, 
wash primers gained approval rapidly and 
are now used international scale. 
The importance their development 
widely recognized. 


Terms Defined 


The term “wash primers” was selected 
designate specific product that com- 
bines the properties the familiar in- 
hibitive wash coat metal conditioner 
with the properties the conventional 
anti-corrosive primer. The essential com- 
ponents wash primers are phosphoric 
acid, chromate pigment and polyvinyl 
acetal resin. 

Several varieties wash primers were 
developed, the first which called 
the reactive type; others are called non- 
reactive and reacted. The one most com- 
monly used the reactive type, desig- 
nated WP-1 MIL-P-15328. 

The reacted and non-reactive primers 
discussed later are one-package sys- 
tems but not adhere well the 
two-package reactive wash primer. Wash 
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presented under the title ‘Wash 
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primers can formulated that are 
equally effective over iron, steel, alumi- 
num, copper, zinc and wide variety 
other metals. 

The intricacies the complex chem- 
ical reactions are not all known, but gen- 
erally the function manifested three 
ways: forming inorganic and or- 
ganic film metal surface, pre- 
venting retarding corrosion and 
providing base that improves adhesion 
and integrity protective 
tems. 

The inorganic-organic complex formed 
the wash-primer reaction results from 
series complicated reactions that 
must occur correct relationship one 
another. The inorganic and organic films 
cannot separated any feasible 
method. The reactive wash primer and 
the metal which applied become 


integral part the system the in- 


terface. All attempts remove the coat- 
ing conventional methods have resulted 
partial removal the metal substrate. 

This paper devoted principally the 
reactive wash primer since the most 
widely known, provides the highest de- 
gree adhesion and most effective 
retarding corrosion. The formula 
shown Table 

The acid diluent added the base 
grind just prior use. This mixture 
stable for about hours and can ap- 
plied brush, spray, dip other con- 


ventional methods. 


Abstract 


Development, characteristics and proper- 
ties wash primers are explained. Data 
are given wash primers principally be- 
cause of their efficiency and wide use. 
Reactive and non-reactive types resulted 
from efforts to undertand better the re- 
actions involved and result efforts 
produce one-package system. 
Reacted wash primers are made re- 
acting phosphoric acid and chromium 
oxide solution butyral resin 
high temperature, producing clear green 
lacquer. Non-reactive primers 
pared dispersing chromates lead, 
strontium and barium in a solution of 
resin and then adding phosphoric 
cid. A stable wash primer was prepared 
by dispersing chromic phosphate in a solu- 
tion PVB. 5.4.5 


Some the advantages re- 
active type are listed below: 


Easily applied and dries rapidly. 


Usable over wide range tempera- 
ture and humidity. 


metals with good results. 

Provides temporary protection until 
protective coating applied. 

rosion. 

Exhibits high degree adhesion 
metals. 

Up-grades performance subse- 
quent protective coating systems. 


Usable coating systems that re- 
quire baking elevated temperatures. 


Problem and Its Solution 


For many years, metal conditioners 
pretreatments have been used improve 
adhesion protective coatings metal 
and retard underfilm corrosion. Many 
conditioners consist phosphoric acid, 
metal phosphates source chro- 
mium ions and/or other ingredients. The 
well known industrial phosphating meth- 
ods for treating metals result ad- 
herent, uniform coating crystalline 
phosphates the metal surface. They 
inhibit the spread rust the paint film 
ruptured and minimize blistering known 
alkaline peeling. Inhibitive wash coats 
used dilute aqueous solutions phos- 
phoric acid resulted non-uniform, 
powdery deposit with little resemblance 
the phosphate coating produced the 
industrial which uses dip tank. 
Because aqueous phosphoric solutions can 
not used sub-freezing temperatures 
encountered shipyards and because in- 
dustrial processes require immersion 
hot treating and rinsing solutions, prac- 
tical method was needed for treating ship 
hulls prior painting. 

Because chromic acid makes metals 
passive and because chromates used 
anti-corrosive primers assist preventing 
corrosion, metal pretreatment combin- 
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Butyraldehyde Polyvinyl Butyral 


Figure 1—Schematic the production acetals. 


ing the properties phosphating with 
the passivating action chromates would 
more effective than either used alone. 
This was the basic idea behind the for- 

first step was attempt produce 
improved pretreatment the use 
alcohol solution vinyl butyral resin 
containing phosphoric acid. This mate- 
rial could used effectively over wide 
temperature range—a necessity 
door painting operations. always pro- 
duced the same desirable results the 
metal and provided acceptable base 
for subsequent application anti-corro- 
sive primers. highly effective anti- 
corrosive primer consisting solution 
polyvinyl butyral pigmented with zinc 
tetroxy chromate was formulated obtain 
excellent adhesion when this butyral 
primer was applied over the butyral wash 
coat containing phosphoric acid. Certain 
paints based butyral resin and copper 
pigments, which contained metal ion, 
gelled when stored iron container. 

The resin-metal complex formed 
this gelation adhered tenaciously the 
iron container and was insoluble most 
solvents although polyvinyl butyral 
readily soluble alcohols. was then 
postulated that controlled gelation 
polyvinyl butyral could result film 
with outstanding adhesion metals. 
Thus, was combination the prin- 
ciples involved phosphating treatments 
and the chromate-pigmented butyral 
primer that produced the reactive wash 


Wash-Primer Reaction 

Chromium ions not only are effective 
retarding corrosion metals but also 
insolubilize cross link polyvinyl butyral. 
Phosphoric acid, under certain conditions, 
reacts with butyral and also with metal 
retard corrosion. Application the 
reactive wash primer ferrous metal 
may result the formation iron phos- 
phate, zinc phosphate, 
phate and polyvinyl butyral-chromium 
complex the wash primer-metal inter- 


TABLE 1—Formulation WP-1 Reactive 
Type Wash Primer 


described Table contains about 
percent water-leachable ingredients.’ Wash 
primers can produced using com- 
bination this pigment and butyrals; 
however, excess phosphoric required 
react with the potassium salt, and the 
resulting potassium phosphate detracts 
from the efficiency the wash primer. 
Zinc tetroxychromate, ZTO 
also 
described Table produced com- 
mercially with less than one percent 
water-soluble ingredients. also furnishes 
zinc ions that may react with phosphoric 
acid produce desirable zinc phosphate. 
ZTO and phosphoric acid react, produc- 
ing zinc phosphate and liberating 
chromate. The chromium ions also func- 
tion the insolubilization cross link- 
ing the butyral. Any excess chromate 
ions passivate the metal. The reactive 
wash primer always exhibits the charac- 
teristic color change from yellow green 
indicating the reduction chromium. 


Phosphoric acid contact with ferrous 
metals may form iron phosphates and 
contact with zinc compounds may form 
zinc phosphate. The acid assists the 
formation the chrome-phosphate- 
butyral complex and with the water used 
wash primers controls the the 
mixture. Phosphoric acid does not react 
with polyvinyl butyral the concentra- 
tion solvent used the wash primer. 
The presence ZTO necessary for 
formation the assumed chrome-phos- 
phoric-butyral-complex. Acids other than 
phosphoric produce reaction with ZTO 
and butyral but not impart the de- 
sired properties does phosphoric. The 
ratio phosphoric acid ZTO PVB 
not critical. However, best results are 
obtained when the ratio ZTO-butyral- 
phosphoric acid 2:2:1. extremely 
difficult detect the effect change 
the amount phosphoric acid, but 
change percent readily apparent. 

Acetals are produced hydrolyzing 
polyvinyl acetate the alcohol, then re- 
acting with aldehyde. (See Figure 1.) 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


Vol. 


The resulting acetal influenced 
the molecular weight the starting 
polyvinyl acetate, the choice 
and degree acetalization. Sometimes 
referred PVB, the polyvinyl butyral 
used wash primers contains about 
percent polyvinyl alcohol the molecule. 
The reactive group necessary for 
linking the hydroxyl group. Viny 
polymers such the homopolymer 
vinyl chloride contain reactive group 
factor that may account for the 
culty producing reactive wash primers 
with this polymer. 

When laboratory grade percent 
phosphoric acid added the base 
grind WP-1, gelation usually occurs 
immediately. When the acid was diluted 
with approximately equal parts water 
and slowly added the base with mild 
agitation, stable mixture could ob- 
tained. This mixture, used within 
hours, exhibits good adhesion metal 
after the solvents evaporate and excellent 
adhesion after aging few days. This 
adhesion develops even though the dried 
film immediately coated with anti- 
corrosive primer. 


PVB undergoes thermal degradation 
moderate temperatures about 350 
The PVB complex formed the wash- 
primer reaction has considerably more 
heat resistance. used under finish 
requiring several hours baking 500 
still retains its adhesion and integrity— 
good evidence crosslinking. 


After the mechanism the wash- 
primer reaction was studied, the wash- 
primer system was found provide more 
than one approach 
First, the system produces Fe,O, 
and zinc phosphate film similar that 
produced various phosphating treat- 
ments. Phosphate treatments this kind 
are not always satisfactory because they 
ment these films with chromates. The 
function the chromate, according 
Mayne and patch any 
holes the phosphate film oxidizing 
the exposed metal Fe,O,. Evans’ 
points out that inadvisable use 
chromates inhibitors insufficient 
quantities. further states that wash 
primers take care this providing 
steady stream chromate ions from 
the slowly dissolving unreacted ZTO. 
The polymeric film, course, also acts 
good mechanical protection for the 
metal surface and serves base for 
good paint anchorage. 

One the functions anti-corro- 
sive coating prevent water and cor- 


TABLE 2—Reactive Agents Wash Primer 


Parts | Parts 
Base Grind Weight! Acid Diluent Weight 
Polyvinyl | 
butyral....| 7.2. | Phosphoric acid 3.6 
Basic zinc | | 
chromate.. .| 6.9 | Water 3.2 
Extender | 1.0 | Isopropanol 13.2 
Carbon black | | 20.0 
Isopropanol...| 48.7 | 
Butanol..... 


Zinc Yellow—4 ZnO-K20-4 CrO3°3H20 


Zinc Tetroxychromate 
5 ZnO-CrO3°4 H20 or Zn (OH)2 


Percent! Percent? 


| Percent4 
36—40 36.8—39.2 70.3 
36—48 41.3—43.6 | 17.3 
6.1— 7.3 12.4 
18—34 (1.3— 3.3 
SO4 as SO3) 100.0 


1. Theoretical 
R.W. Leisy. U.S. Pat. 2,251,846. 1941 

3. Brizzolara et al. Ind Eng Chem, 29, 656 (1937) 
4. Cole and LeBrocq. J App Chem, 5, 149 (1955) 
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rosive ions from coming contact with 
the metal surface. use electrolytic 
resistance measurements, Bacon, Smith 
and showed that difference 
can expected from vinyl 
anti-corrosive primer with and 
without the wash primer. The 
sive primer alone 3.2 mils thickness 
showed steady decrease protection 
during days immersion sea water. 
The same primer applied film thick- 
ness 2.9 mils over 0.5 mils wash 
primer indicated appreciable drop 
resistance days. The total film 
thickness was approximately the same 
both cases; therefore, can concluded 
that the wash primer retards prevents 
migration water and ions that cause 
corrosion reactions the metal interface 
and detract from film integrity. 

Most these comments apply only 
the reactive-type wash primer. Other 
types were prepared the attempts 
achieve better understanding the re- 
action and produce effective one- 


package system. 


TABLE 3—Reacted Type Wash Primer 


5367 
Parts 
Solution Weight 
A Polyvinyl butyral..... 11.0 
Denatured alcohol..... 62.1 
73.1 
B Chromium trioxide... . 46 
1.4 
. Phosphoric acid (85%). 1.1 
9.9 
11.0 
14.5 
100.0 


Heat Solution A to 50C. Solution B is slowly 
added to Solution C; this mixture is then added to 
Solution A and held at 50C. for 25 min., cool (and 
add) n-Butanol. The resulting product is stable for 
many months. 


TABLE 4—Non-Reactive Type Wash Primers 


5220 5298 
Parts Parts 
Base Grind Weight Weight 
Polyvinyl butyral....| 9.0 9.0 
Chromic phosphate. .| .... 9.0 
Lead chromate...... 8.6 
54.5 
pee 1.4 1.4 
Isopropanol (99%)...| 53.0 
Methy! isobutyl 
85.0 90.0 
Acid Diluent 
Phosphoric 
acid 1.8 
Isopropanol (99%)... 9.2 6.4 
15.0 10.0 
100.0 100.0 


The acid diluent is added to the base grind. 
Both wash primers are stable for many months. 


WASH PRIMER DEVELOPMENT AND CHARACTERISTICS 


Reacted and Non-Reactive 
Wash Primers 


First these one-package systems for- 
mulated, reacted wash primer, de- 
scribed Table From the assumption 
that chrome-phosphate-butyral complex 
played important role wash primer 
performance, attempts were made pro- 
duce reacted wash primer forming this 
complex, situ. Chromium trioxide, 
phosphoric acid and solution butyral 
were reacted elevated temperatures. 
clear green lacquer was formed that 
eventually found use coating for 
chromium and aluminum foils and 
other commercial applications. The film 
did not insolubilize when applied 
metal nor exhibit the same amount 
adhesion the reactive WP-1. This may 
due the reduction chromium 
before-it comes contact with metal 
the formation zinc phosphate. 

Non-reactive wash primers (Table 
were produced pigmenting solution 
PVB with various chrome-bearing pig- 
ments. Chromic phosphate was assumed 
form the reactive wash primer. 
result, the use chromic phosphate 
pigment was investigated. Chromic 
phosphate was ball milled into the PVB 
solution and phosphoric acid added. Here 
again insolubilization the film 
metal occurred, neither was the excellent 
degree adhesion obtained. 
good anti-corrosive primer resulted re- 
placing chromic phosphate with lead 
chromate, but this innovation found lim- 
ited commercial use. However, this wash 
primer did give good results fresh 
water. Chromates including those 
barium, strontium and combinations 
thereof were evaluated and resulted 

stable wash primers with certain desir- 

able properties. However, none these 
approached WP-1 over-all properties. 

Absence the insolubilizing cross- 
linking films wash primers from those 
other than the reactive type demon- 
strated easily coating steel panels with 
wash primers and immersing the coated 
panels butanol. film that has 
been allowed dry only few hours 
softened the solvent and 
moved but aged film softened 
very little, all. unpigmented film 
readily softened. 


General Recommendations 


Condition the metal surface 
which wash primers applied in- 
fluences ultimate performance. Removal 
scale, dirt, grease, oil and loose rust 
gives better performance any paint 
system. Sandblasting metal before ap- 
plying wash primer not essential, but all 
contamination and loose rust must re- 
moved. Tightly adhering mill scale 
small amount rust not too objec- 
tionable. But course, there sub- 
stitute for clean metal surface best 
results are obtained. 

One peculiarity the reactive wash 
primer not satisfactorily explained the 
critical limitation the effective film 
thickness. Indications are that the thin- 
nest coating that forms continuous film 
adequate. Films over one mil thick- 
ness not develop toughness and adhe- 


sion. For most applications, dry-film 
thickness approximately 0.5 mil 
recommended. 

Use metal pretreatments usually de- 
tracts from wash primer adhesion; 
exception the sodium nitrite and diam- 
monium phosphate treatment used the 
wet sandblasting process. Use dilute 
acetic acid galvanized iron results 
poor adhesion the wash primer. All 
these properties are obvious when 
recalled that the wash primer reacts with 
the metal. there barrier any 
kind such the products pretreat- 
ments contamination between the wash 
primer and the metal, little any reac- 
tion can occur. Wash primers will adhere 
mill scale. However, the mill scale 
loosely adhering the metal, the mill 
scale will fall off taking the wash primer 
with it, and the coating system gets credit 
for the failure. 

conclusion, data have been pre- 
sented show that combination 
metal pretreatment and anti-corrosive 
coating available and prepared 
utilizing the well known properties 
phosphates and chromates conjunction 
with binder high integrity. Future 
developments may produce stable one- 
package system that could applied 
effectively one coat film thickness 
adequate serve complete anti- 
corrosive system. The present wash 
primer has been shown develop unus- 
ually high adhesion variety 
metals. When followed efficient 
protective coating system, this primer ex- 
hibits remarkable protection the metal. 
The film insolubilizes ambient tem- 
peratures and improves adhesion and in- 

tegrity most coating systems. The value 
protective coating systems based 
wash primers has been demonstrated 
years service the marine, chemical 
and other industries. 
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Discussion Harold Wells, 
Los Angeles, Cal.: 


Can wash primers applied over 
moist surfaces? 


Yes. After water bleeds through, ad- 
hesion and reaction will develop give 
excellent surface. 


Discussion William Gross, Arabian 
American Oil Co., New York City: 


Under what generic types primers 
are wash primers unsatisfactory, due 
presence residual acid? 
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Wash primers are not recommended 
under catalytically-cured epoxy coatings. 
Members the audience remarked that 
poor experiences had resulted from their 
use under neoprene paints and Saran- 
based coatings. 


Discussion Stanley Roth, Dow 
Chemical Co., Midland, Michigan: 
Answer the question “Do Saran 

coatings adhere wash primers?” 
the Navy’s use and our own labora- 
tories, has been found that the Sarans 
not adhere wash primers. this 
respect they are similar the top-coat 
type vinyls. 


Discussion Vance Jenkins, Ameri- 
can Petroleum Institute, 
New York City: 


England apparently customary 
for several epoxy systems applied 
over wash primers. Better adhesion and 
protection are claimed result. 
derstand that the Navy does not 
recommend Saran coatings applied 
over wash primers. Does anyone have 
any direct experience that would indicate 
why this not favored? 


Cranmer, Material Test Lab., 
Bldg. 121, Naval Shipyard, Phila- 
delphia, Pa., has data this point. 


Any discussion this article not published above 
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Discussion Austin Long, Glidden 
Company, Cleveland, Ohio: 


The use catalyzed epoxy systems 
over wash primers not recommended 
since there loss adhesion under ac- 
celerated salt spray tests. Also neoprene 
coatings have adhesion over WP-1 
primer although there may heavily 
modified neoprenes which may 
cessful. 


Discussion Joe Rench, Napko 
Corp., Houston, Texas: 


answer the question “Has any- 
one any experience with the use chlo- 
rinated rubber over wash primers?” Yes, 
our all-chlorinated rubber systems incor- 
porate the wash primer and have been 
used with excellent results over the past 
years. The all-chlorinated systems 
have been used without inhibitive pig- 
ment the coating used immediately 
over the wash primer particularly 
areas extreme chemical exposure. The 
results have been excellent. 


Discussion John Corely, General 
Electric Co., Richmond, Washington: 
You mention the advisability not 

delaying more than hours before ap- 

plying the next coat. Does the same tim- 
ing apply laying adjacent strips the 
wash primer itself? 


will appear the December, 1959 issue 


Vol. 


Cleveland, Ohio: 


answer the question “What the 
effect aging adhesion top 
long aging the pot after 
mixing results good primer adhesior 
but may result poor top coat ahesion. 
reacting, the primer insolubilizes 
that solvents will not bite in. After ap- 
plying, top coat can applied 
little minutes but should earlier 
than hours, depending at- 
mospheric conditions. 


Too long aging after mixing distracts 
from adhesion wash primer metal. 
Age wash primer film does not affect 
the adhesion vinyls and many other 
top coats. 


Discussion Kenneth Wright, 

Arlington, Virginia: 

Wash primers pre-treatment coat- 
ings should not used under coal-tar 
emulsions under primer and hot 
enamel but could used under cold 
applied coal tar. However, our experi- 
ence indicates particular advantage. 
What has been the experience others 
the use wash primers under bitumi- 
nous type coatings? 


Dr. Fair Koppers has data this 
subject. 
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Introduction 
ROTECTIVE COATING 
ogy for ship bottoms has made great 

strides during the last few years. These 

advances, together with the use ca- 
thodic protection have enabled the Royal 

Canadian Navy extend the period be- 

tween drydockings from six months, 

two years. With these advances has 
come ever increasing need for reli- 
able and rapid method evaluating bot- 
tom coatings. 

general, practical evaluation 
system must meet the following require- 
ments: 


Control surface preparation, ap- 
plication and exposure conditions. 

Direct correlation exposure con- 
ditions with service. 

Rapidity. 

these are achieved, the result will 
accurately predict coating behavior under 
service conditions. Examination ship 
trial’s and panel trial’s ability meet 
these requirements value. 


Limitations Ship Trials 

ship trial must performed under 
prevailing weather conditions and with 
the surface preparation and application 
provided the workmen. These factors 
are subject meager control the dry- 
dock and differ for each drydocking and 
from time time during each drydock- 
ing. Because the effect these variables 
may outweigh differences the capabil- 
ities coatings under comparison, ship 
scale trials cannot expected give 
truly comparative results. Comparison 
two paints the same ship bottom 
quartering will reduce but not eliminate 
these errors. 

The extent this problem can rep- 
resented hypothetical plot shown 
Figure ideal coating would give 
performance independent drydock 
conditions represented Curve 
How the performance non-ideal 
coating affected drydock conditions 
subject for conjecture. All coatings 
may vary the same manner with vari- 
ation these conditions, which case 
their curves will have the same slopes and 
the same origin. The extent which one 
coating better than another could 
ascertained comparing their perform- 
ance when further improvement con- 
ditions does not further 
formance. Such case illustrated 
Curves and 

the more general case, the origins 
would differ from coating coating, 
illustrated. However, likely that the 
slope well the origin will vary, 
which case will necessary com- 
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pare curves such and curves 
such For purpose this discussion, 
coatings with the characteristics Curves 
and can compared. Coating 
would superior coating However, 
the conditions application the 
first system were those noted the 
dotted line and those for the second sys- 
tem the dash line Figure er- 
roneous comparison would result. Thus, 
not only must comparative evaluations 
conducted under standard conditions but 
also these conditions must span the range 
conditions experienced the drydock. 
example the lack control 
typical drydock painting, recent ship 
trial directed the author can cited. 
The ship was divided into six sections 
compare three different systems. The 
discrepancies noted were follows: 


complete extra coat was applied 
one section error. 


conscientious painter was discov- 
ered touching some areas one sec- 
tion because looked thin and had 


paint left over. 


WOE aL 


PERFORMANCE 


PERFORMANCE 


AL 
ORYDOCK CONDITIONS CONDITIONS 


Figure 1—Probable relationships between 

conditions and coating performance. Line 

sents coating performance independent drydock 

conditions. Curves and represent different 
coatings. 


Abstract 


Requirements for practical system 
evaluate ship bottom coatings are listed. 
Panel trials are shown better than 
service trials for coating evaluations. 
Application the d-c technique coat- 
ing evaluation is illustrated by comparison 
three coating systems static 
sion and study the influence 
number of coats on performance. 
Investigation drydock variables shows the 
reduction coating performance resulting 
from rusting and the detrimental effect 
percent inhibitor after sand- 
blasting. 2.1.2 


later date, repainting after 
sandwashing,* two sections allocated 
one type paint received extra coat 
through misinterpretation instructions. 

These discrepancies occurred the 
variable which probably the most easily 
controlled, the number coats. Since 
their discovery was purely fortuitous, 
there probably were others undetected. 
Results this trial could not, then, re- 
flect the relative capabilities the coat- 
ings under evaluation. 

Exposure conditions provided ship 
service probably meet the test require- 
ment, least within each class ship. 
However, when the ship cathodically 
protected, the environment partly 
under the control the operator the 
system. Therefore cannot consid- 
ered standard. 

The time required for ship trial must 
the interval between drydockings. 


Limitations Panel Trials 


Panel exposure for evaluating bottom 
coatings has the advantage that allows 
adequate control surface preparation 
and application conditions. 
cation simple, influence the variety 
surface preparation, application and 
weather conditions experienced the 
drydock can studied simply varying 


Sandwashing defined the removal sand- 
blasting equipment all loose paint, corrosion 
products and other foreign matter. The surface 
thus treated is ready for repainting. 


Figure 2—Pendulum spray apparatus. Panels were 

mounted on the pendulum and the spray gun on a 

pillar stand to ensure uniform and reproducible ap- 
plication conditions. 
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Figure 3—Static immersion tank and d-c resistance 

meter. Prepared panels are suspended from glass 

sheathed rods in the tank of fresh running sea water. 

The instrument shown was used measure potential 
difference and d-c resistance. 


these conditions the laboratory. Sim- 
ilar studies using ships would 
wieldly because the number ships 
However, the exposure condition 
not directly related service because 
the velocity effect ignored. 

addition, because the panels are not 
subjected the effect rapidly moving 
water, the time required for evaluation 
likely even longer than that for 
ship trial, other things being equal, al- 
though some time reduction can 
achieved reducing the number coats 
applied. 

both ship and panel trials that they 
depend visual examination for their 
evaluation. Therefore, evaluation can 
only qualitative best. 

summary, service trials are not ade- 
quate for evaluating bottom coatings: 
they fail meet all three major require- 
ments. Panel trials, however, have the 
advantage that control replication 
possible. necessary, then pro- 
vide for exposure the panels high 
velocity sea water and measure coat- 
ing condition instrumentally eliminate 
errors visual measurement. 
tion improving precision evaluation, 
method using instruments would reduce 
the time required. These requirements 
fulfilled, range standard conditions 
for surface preparation must devised 
show the effect each coating system 
the major variables operative the 
drydock. 

This paper discusses attempt de- 
vise evaluation system meet these 
requirements. 


Experimental Procedures 


Preparation and Exposure 


Mild steel panels measuring inches 
inches inch and fitted with question- 
mark shaped hooks were wet sandblasted 
with 80-mesh alumina, rinsed hot water 
and allowed dry. Coatings were applied 
sible short sagging. ensure uniform 
and reproducible application conditions, 
panels were mounted pendulum and 
the spray gun pillar stand (Figure 
2). eliminate edge effects, panel edges 
and stems were painted brush with 
several more coats than the faces. 

The prepared panels were suspended 
from glass sheathed rods tank 
fresh running sea water seen Fig- 
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Figure 4—Circuit schematic the d-c resistance 
meter used. 


ure The suspension hooks were kept 
clean and greased during exposure and 
were separated from the glass rods 
clean lucite spacer while electrical meas- 
urements were being taken. 
cautions were necessary prevent salt 
bridging between panels down the 
length the suspension hook. 


Electrical Measurements 


Capacitance and a-c resistance were 
measured 1000 cycles using Brown 
Impedance Bridge Model 250-Cl. The 
cell consisted the panel under exami- 
nation and silver-silver chloride elec- 
trode. For potential difference and d-c 
resistance measurements, Kiethley Elec- 
trometer Model 200 fitted with Kieth- 
ley Shunt Box Model 2008 
This instrument simpler operate 
than that used Bacon al.’, and suf- 
ficiently accurate for the purpose. Two 
potentiometers, each supplied 
volt dry cell, were included the circuit, 
the first provide added potential for 
resistance measurement over 10° ohms 
and the second charge panels having 
long time constant, that is, those with 
resistance about 10” ohms. The cell 
consisted the test panel anode and 
silver-silver chloride electrode cath- 
ode. The instrument shown Figure 
and diagram the circuit given 
Figure Measured open circuit and 
shunted potential differences provide the 
resistance according the formula: 


(1) 


where shunt resistance 


open circuit potential 


shunted circuit potential 


Special Requirements 


Exposure Conditions 

The effect velocity coating per- 
formance has been investigated several 
where has been found 
that the rate breakdown accelerated 
over that for static immersion. This has 
been confirmed the author’s laboratory, 
least for bituminous system. The ma- 
chine used consisted 36-inch diam- 
eter disc with provision for panels 
mounted the plane the disc the 
periphery. This assembly was rotated 
sea water tank with peripheral ve- 
locity knots. However, the require- 
ment for cathodic protection during 
exposure and for taking electrical meas- 
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Figure 5—Comparison the electrolytic properties 
of a coating. 


urements has necessitated change 
water tunnel type apparatus which 
the panels are stationary and the water 
propelled. This machine now being 
built and will operating the near 
future. 


also necessary, particularly con- 
sidering bottom coatings for Royal Ca- 
nadian Naval Ships, all which are 
cathodically protected, include ca- 
thodic protection the exposure environ- 
ment. The RCN practice maintain 
the hull potential 0.82 0.84 volts 
versus remote silver-silver chloride 
electrode. The potential probably may 
rise about one volt the vicinity 
the anodes. This potential 
selected the standard for evaluating 
the influence cathodic protection and 
has been incorporated into the exposure 
environment. The current required 
maintain constant potential may 
taken indication coating condi- 
tion although not sensitive 
technique the one discussed 
following sections. 


Determination Coating Condition 


References the correlation ca- 
pacitance and a-c resistance (conduct- 
paint films with protectivity are abun- 
dant the literature. These properties 
were investigated determine their util- 
ity detectors routine evaluation 
system. 


theory the capacitance coated 
panel initially function the thick- 
ness and type paint modified with 
time water absorption. However, when 
film break occurs, will accom- 
panied sharp capacitance increase 
which then function the thin ionic 
double layer. The point the plot 
capacitance versus time, which the 
sharp rise occurs, indicates the onset 
significant film degradation. Thus, from 
protective point view, single point 
significance obtained through meas- 
urement capacitance. The time for deg- 
radation proceed this point must 
awaited before any information gained. 
Also, the break, when occurs prac- 
tice, often gradual rather than 
sharp transition, and the result, therefore, 
indeterminate. 


given Figure which also shows the 
potential and a-c and d-c resistance be- 
havior the same panel. 

for the relationship between panel 
potential and coating condition, bare 
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Figure three coating systems static immersion using the d-c resistance method. Curve 
A is a coating system using one coat each of wash primer, anti-corrosive primer, intermediate primer and 
anti-fouling. Curve B is the same system as Curve A except that intermediate primer coat is replaced by 
a second anti-corrosive primer coat. Curve C is a coating system using one coat of wash primer, two of 


steel has potential more anodic than 
painted therefore, not unrea- 
sonable expect some sort relation- 
ship exist. Such relationship has been 
found other workers, but under the 
measurement conditions used this labo- 
ratory, correlation has been observed. 

has been shown that the funda- 
mental property protective coat- 
ing which limits the corrosion the 
substrate its permeability ions, that 
is, its electrolytic resistance. 
ance coated panel immersed sea 
water should, therefore, direct meas- 
ure the protective condition the 
coating. This relationship has been veri- 
fied Bacon, Smith and Rugg’ using 
d-c technique and Wormwell and 
using 1000 cycle a-c. 


measuring techniques (Figure 
cates that the initial plateau about 10° 
ohms the plot a-c resistance versus 
time represents limiting measurable re- 
sistance. The limit functon the 
power factor the coating material and 
the frequency the measuring appa- 
ratus. The break the curve represents 
the point which coating resistance 
falls below the limiting value. chance, 
this value corresponds that which 
the capacitance begins increase. 
contrast, the limit measurable d-c 
resistance, imposed the time constant 
the circuit, about ohms. With 
this higher limit great deal infor- 
mation gained this technique before 
any information available from either 
the a-c resistance the capacitance data. 

When the coating resistance falls below 


anti-corrosive primer and one of anti-fouling—all of a different proprietary system from Curves A and B. 


the critical value for a-c measurement 
(at about days Figure 5), the a-c 
and d-c plots become closely parallel al- 
though they not coincide. Below the 
limiting value, the a-c plot can as- 
sumed represent the true electrolytic 
resistance. The displacement the d-c 
resistance plot higher values probably 
results from polarization which occurs 
during the d-c measurements. Because 
the displacement small and almost 
constant, such polarization occurs dur- 
ing d-c measurements does not signifi- 
cantly influence the results. 


Application the d-c Technique 


Evaluation Coatings Static 
Immersion 

Figure illustrates the use the d-c 
resistance technique comparison 
three coating systems sandblasted steel. 
These are bituminous type coatings with 
aluminum flake pigment the anti- 
corrosive primer. Curve represents 


system consisting one coat wash 


primer, one anti-corrosive primer, one 
intermediate primer and one coat 
anti-fouling. Curve represents the same 
system except that the intermediate 
primer has been replaced second 
coat anti-corrosive primer. Curve 
utilized different proprietary system 
consisting one coat wash primer, 
two anti-corrosive primer and one coat 
anti-fouling. Each system was exposed 
triplicate and the results averaged. 
Superiority the first two systems over 
System was apparent within few 
days; differentiation between and was 


Figure 7—Test panel condition before painting. Panel 


was given Treatment No. 1: 6 dips in sea water. 


x 


Figure 8—Test panel condition after Treatment No. 
dip fresh water, 2-day outdoor exposure 
before painting. 


achieved within 100 150 days. (Prior 
this time, the difference between the 
two was smaller than the probable error 
about one order.) 

Visually, signs coating breakdown 
not appear until panel resistance has fallen 
below 10° ohms (10° ohms per cm). 
result, the first visual distinction be- 
tween coating and the others appeared 
about 150 days. Visual distinction be- 
tween and still awaited (465 days). 

Comparison between and has been 
confirmed ship trial which took 
months. After that period the difference 
between the two systems was small enough 
make visual comparison uncertain. 
comparison, the data obtained the 
laboratory permitted clear differentiation. 
service trial, difference between 
and probably would obscured the 
other variables. 
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Figure 9—Test panel condition after Treatment No. 
B: dip in sea water, 2-day outdoor exposure 


before painting. 


Figure 10—Test panel condition after Treatment No. 
dip fresh water, 1-day outdoor exposure 
before painting. 


These three systems also have been 
compared the d-c method while under 
cathodic protection potential one 
volt versus Ag/AgCl. Their performances 
were unaffected this additional in- 
fluence. 

Table are shown performance fig- 
ures for several variations System 
static immersion. The table was pro- 
duced reading the log resistance for 
each panel and days and 
R,,) and recording the average for each 
set. The sum and presented 
the last column number (in arbi- 
trary units) representative the relative 
performance. marked improvement ac- 
companies added coats. also note- 
worthy that coat wash primer results 
greater improvement than added 
coat anti-corrosive. 
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Figure 11—Test panel condition after Treatment No. 
8: 1 dip in 5 percent HsPQ:, 1-day outdoor exposure 
before painting. 


TABLE 1—Performance Figures for Varia- 
tions System 


LogR LogR R30 
System 30 Days | 60 Days R 60 
5.0 4.0 9.0 
6.1 5.7 
3A/C,1A/F......| 5.0 10.8 
5.0 10.7 


A/C = Anti-corrosive. 
A/F = Anti-fouling. 

WP = Wash Primer. 
Log R = Log Resistance. 


Influence Drydock Variables 


major drawback ship trials lack 
control variables operative the 
drydock. fully evaluate coating sys- 
tem, the effect these variables sys- 
tem performance must determined. 

this study’s initial phase, the surface 
preparation was assumed good and 
that the environmental factors had their 
effect subsequent this operation. This 
corresponds drydock experience when 
the surface preparation consists sand- 
blasting. evaluate the influence 
surface rusting and humidity, then 
necessary only simulate the corrosion 
which may take place between the time 
sandblasting and painting and main- 
tain the test panels under the desired 
humidity and temperature conditions dur- 
ing the subsequent exposure and painting 
operation. 


Special Panel Preparation Procedures 


Standard states rustiness were pro- 
duced three methods: 

Repeatedly dipping the test panels 
sea water, allowing the panels dry 
between dips (panels dipped both three 
and six times were used). 
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Figure 12—Test panel condition after Treatment No. 


dips sea water. Horizontal lines resulted 


from rolling mill imperfections. 


Dipping panels once sea water and 
exposing for two days rainy weather. 


Dipping fresh water and also ex- 
posing for two days rainy weather 
(this procedure corresponds closely 
drydock procedure when wet sandblasting 
used). 

Because facilities for control humid- 
ity and temperature conditions were lack- 
ing, two natural conditions were used 
arrive some indication the impor- 
tance these variables: normal labora- 
tory conditions which are close ideal, 
and outdoor conditions during 
rainy weather the winter. While the 
latter condition would not reproduci- 
ble, would standard for the series. 
fact, the week chosen for the outdoor 
exposure and painting was cool and rainy 
with the temperature close 50F, and 
the relative humidity ranged from 
100 percent—conditions generally consid- 
ered poor for painting. 


pilot run for contemplated evalu- 
ation surface inhibiting methods, some 
specimens were included evaluate the 
efficiency the percent phosphoric 
acid wash inhibitor corrosion for 
the period between sandblasting and 
painting. 

Coating system given Figure 
was used. This was varied two cases 
omission the wash primer, 
viding comparison two different prim- 
ers, wash primer and the anti-corrosive 
primer System 


all, the series used different treat- 
ments (listed below) applied most 
cases five panels each. Wet sandblast- 
ing was the initial step all cases. The 
first five sets were painted indoors follow- 
ing the treatment described; the others 
were painted outdoors. 


Six dips sea water, allowing the 
panels dry between dips. 
One dip fresh water followed 


outdoor exposure for days rainy 
weather. panels only.) 


June, 


TABLE 
Surfac 


Treat 
Ne 


outd 
day 
and 
the 
: Dis 
pro 
ity 
or 
inh 
pai 
inh 
ing 
ind 
a pe! 
wa 


No. 
ted 


June, 1959 


TABLE 2—Effect Coating Performance 
Surface Rust and High Humidity 


Treatment 


No. R30 R60 R30 R60 
5.2 3.1 8.3 
5.9 4.1 10.0 
5.0 4.0 9.0 
3.9 2.0 5.9 
6.3 5.8 12.1 
6.1 5.6 11.7 
5.6 4.7 10.3 
4.7 4.2 8.9 


One dip sea water followed 
outdoor exposure for days rainy 
weather. panels only.) 


Freshly sandblasted, wash primer. 
Treatment No. wash primer. 


Exposed outdoors one hour prior 
painting outdoors. 


Wet with fresh water, exposed out- 
doors day prior painting outdoors. 


Wet with percent and ex- 
posed outdoors day prior painting 
outdoors. 


Same treatment No. but only 
three sea water dips, exposed outdoors 
day prior painting outdoors. 


10. Same treatment No. and ex- 
posed outdoors day prior painting 
outdoors. 


11. Normal laboratory treatment (in- 
door application freshly sandblasted 
panels). 

Figures through show the condi- 
tion some the panels prior 
painting. 

The panels were exposed, after coat- 
ing, flowing sea water and the per- 
formance evaluated use the d-c 
resistance method. 


The results this series are listed 
Table and presented graphically 
Figure 13. The numbers each bar 
Figure refer the treatment numbers 
listed. The range results given for 
Treatment No. results from many 
repetitions triplicate the treatment 
and given indicate the precision 
the d-c resistance method. 


Discussion 

Figure shows that exposure the 
properly cleaned substrate high humid- 
ity before and during painting has little 
effect subsequent performance 
(Treatments and 7). However, applica- 


tion percent phosphoric acid, rust 


inhibitive treatment often used main- 
tain the surface between preparation and 
painting (Treatment 8), significantly im- 
pairs performance outdoor applica- 
tion. Other trials not directly comparable 
the present series indicate that this 
inhibiting treatment does not affect coat- 
ing performance when the paint applied 
indoors. consequence, reduction 
performance apparently results from 
water retention the hygroscopic phos- 
phate salt layer when exposed high 
humidity. 

The effect rusty substrate coat- 
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Treatment Numbers 


Figure 13—Bar graph showing results the eleven treatments used test panels. the 
average log resistance for sets of panels at 30 and 60 days. 


ing performance demonstrated Treat- 
ments and severe and roughly 
proportional the degree rusting. The 
6-dip treatment (No. results too 
great performance loss for use 
standard degree rusting. The perform- 
ance reduced low that other added 
variables could have little additional 
effect. The rusty panels exposed and 
painted outdoors (No. 10) gave slightly 
poorer performance than those painted 
indoors (No. 1). Though the difference 
between these two not large, when 
considered that rust slightly hygro- 
scopic and that the performance has 
been reduced such low order the 
presence the rust that further reduc- 
tion due high humidity will small, 
some significance can attached this 
reduction. That is, the performance 
paint applied rusty steel probably 
further reduced when the application 
made under high humidity conditions. 


When Treatment No. compared 
Treatment which involves rust 
film produced only sea water dips, 
can seen that the 3-dip system has 
much milder effect than the 6-dip sys- 
tem. This method probably adequate 
for standard rusty condition. 


final comparison can made in- 
volving the effect rust two prim- 
ers: wash primer and the anticorrosive 
primer Coating Comparison 
Treatment and 11, both which used 
wash primer, indicates that the effect 
rust reduces the performance about 
units. (To calculate this difference, 
the mean value the range given for 
Treatment was used.) Similarly, 
which the primer was the anticorrosive 
primer system indicates perform- 
ance reduction about units. That is, 


there significant difference between 
the sensitivities surface rusting 
these two primers. Whether not the 
added effect high humidity would 
alter this comparison has not been estab- 
lished. 


The fact that high humidity apparently 
affects only the first coat paint may 
simplify the problem obtaining con- 
trolled weather conditions. Exposing 
panels the controlled atmosphere 
humidity cabinet may adequate. 
Panels would exposed until the equi- 
librium absorption water vapor the 
surface layer was reached and then would 
painted immediately. 


Conclusions 


the techniques investigated for de- 
terminating coating condition, the d-c 
resistance method the most satisfac- 
tory. records property fundamental 
the protective function the coating 
and provides accurate and reliable 
comparison between panels under evalu- 
ation. Sensitivity the method such 
that comparative evaluations can made 
about one-fifth one-tenth the time 
required for visual evaluation. 


the case described, differentiation 
the poor coating from the other two 
required less than days the d-c 
technique, four five months visual 
evaluation and months service 
trial. Similarly, differentiation the two 
good coatings required five months 
the d-c resistance method, over sixteen 
months visually and unlikely 
achieved service trial. 

Furthermore, polarization which occurs 
during the measurement d-c resistance 
small and constant and therefore has 
effect comparative evaluations. 
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The effect two drydock variables, 
rusting during the period between sur- 
face preparation and painting and humid- 
ity during application, have been deter- 
mined for one coating system. expected, 
rust the substrate deterimental 
performance, least the case Sys- 
tem with and without wash primer. 
More important, this system unaffected 
high humidity during application ex- 
cept when the surface coated with 
phosphate salts rust. Thus, this case, 
humidity only secondary factor. The 
importance good surface preparation, 
however, emphasized this finding. 


Initial work indicates the necessity for 
including the effect velocity com- 
plete bottom coating evaluation system. 


the over-all picture, not all require- 


ments for bottom coating evaluation 
system have been achieved. 
lar, the requirement for rapid motion has 
been only superficially investigated, and 
the range standard exposure conditions 
has not been established. However, both 
have been investigated sufficiently 
show the necessity for their inclusion and 
show that their inclusion practical. 
result, the requirements for eval- 
uation system can met this labo- 
ratory technique, and the behavior 
coating service can therefore pre- 
dicted. 
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Evaluation Organic Corrosion Inhibitors 
For Special Applications Petroleum 


Introduction 


LABORATORY evaluation 

corrosion inhibitors which may 
used petroleum refining often presents 
difficulties. wide variety environ- 
function such applications 
produce corrosion different types 
metals. This paper will discuss some the 
results obtained the laboratory evalua- 
tion corrosion inhibitors for particular 
locations refineries. 

storage tanks, for example, there 
usually sufficient oxygen the aqueous 
bottoms for corrosion occur under the 
influence both water and oxygen. 
crude distillation equipment, air almost 
completely absent although highly acid 
medium usually developed hydrolysis 
the chlorides present the crude. 


alkaline environment usually pre- 
vails gas recovery facilities associated 
with catalytic cracking units, due the 
evolution ammonia and the presence 
moisture. However, also possible 
have excess hydrogen sulfide present, 
predisposing hydrogen attack. These 
substances are encountered 
quence the cracking process and enter 
the gas recovery system along with all 
other materials present the reactor ef- 
fluent that are lighter than gasoline. 
separating the more valuable hydrocarbons 
from the contaminants mentioned, and 
also from the less valuable remaining ma- 
terials usually utilized plant fuel, com- 
pression, absorption and fractionation 
steps are employed. 


Inhibitors are the market which, with 
adequate control, appear give good 
results oxygen-free service such the 
overheads crude distillation columns. 
But most these additives not show 
satisfactory rust-inhibiting properties when 
tested air the Modified ASTM Tur- 
bine Oil Corrosion Method (ASTM 
D-665-54, MIL-I-25017) the Static 
Water Drop Test Method. This ob- 
vious example laboratory tests failing 
correlate with actual field experience. Un- 
doubtedly these methods fail show cor- 


rosion inhibition because the 


different environments which are present 
during the two laboratory rusting tests 
and the environment present crude 
distillation column. What needed there- 
fore, either modification the exist- 
ing tests secure the required correlation, 
entirely new test. 

occasion the refiner and the supplier 
corrosion inhibitors have mutual inter- 
est the pure laboratory testing cor- 
rosion inhibitors without necessarily relat- 
ing the laboratory test specific refinery 
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unit. This arises when there speci- 
fications met, such the military 
requirements covering jet fuel and avgas 
and those for corrosion inhibitors them- 
selves. The latter specification—MIL-I- 
25017—includes modified ASTM Tur- 
bine Oil Corrosion Test (D-665-54) 
performance test the inhibitor. 
difficult get reproducibility the lab- 
oratory with this test presently 
written. modification using the newly 
described resistance test probes? will 
discussed this paper. 


Experimental 


Two types laboratory equipment were 
used: reflux apparatus, wherein effort 
was made simulate refinery corrosion, 
and modified military test (MIL-I- 
25017) using electrical resistance probes. 
The techniques and coupon preparation 
covered corrosion steel acid and 
corrosion Admiralty metal alkaline 
environment. Both oil- and water-soluble 
inhibitors were studied. 


Reflux Apparatus 


schematic representation the reflux 
apparatus used shown Figure The 
corrosion test coupon, mild steel Ad- 
miralty metal, suspended from hook 
hole drilled through one end. The 
liquid flowing over the test strip the 
combination water and hydrocarbon 
condensate flowing from the condenser, 
plus the inhibitor solution coming from 
the reservoir through calibrated capil- 
lary. 

operation the heater controlled 
variable autotransformer adjusted 
that the reflux rate averages per 
minute preliminary measurements. 
Then, knowing the concentration in- 
hibitor solution the reservoir, aver- 
age concentration inhibitor flowing over 
the test coupon may calculated. pro- 
vision for introducing controlled amounts 
hydrogen sulfide and/or ammonia 
made capillaries sealed into piece 
inch tubing described Bloch, 
hours, the coupon removed, cleaned 
and weighed. 


Procedure for Corrosion 
Steel Acid Medium 


Immerse the test strip mild steel 
1/32 inch test tube containing 
approximately hydrochloric acid. Heat 
gently steam bath about 10-15 min- 
utes and then rinse with water. 
factory test strip should have roughened 
crystalline appearance. this point the 
strip should not touched with the hands 


Abstract 


laboratory test method was developed 
evaluate corrosion inhibitors for use in var- 
ious parts refineries. The apparatus de- 
vised could used for evaluation oil- 
soluble and water-soluble corrosion inhibitors 
for steel acid and for Admiralty 
metal inhibitors alkaline low 
concentrations of oxygen. Reasonably repro- 
ducible results were obtained with water- 
soluble inhibitors steel mildly acid pH. 
Reproducibility was poorer Admiralty 
metal slightly alkaline pH. Elimination 
of corrosion coupons in favor of a corrosion 
probe gave good reproducibility. 

Data reported include weight loss of strips 
by various cleaning methods, effectiveness of 
inhibitors steel acid, corrosion rate 
Admiralty metal 8.3 (in NHs 
and and inconsistencies 
25017 ASTM ratings coupons, 


but instead should handled with forceps 
and paper towels. Following the water 
rinse, the test strip should wiped with 
paper towel, rinsed with acetone and 
allowed dry. 

Weigh the strip the nearest tenth 
milligram. Place 300 Skellysolve 
and acidic water (pH 4.5 using 
the boiling flask. Prepare the in- 
hibitor stock solution dissolving the 
required amount inhibitor about one 
liter mixture consisting xylene 
plus Skellysolve 

Place the boiling flask, test strip and 
condenser position and turn the heater 
the setting which will give reflux rate 
averaging per minute. Start the flow 
hydrogen sulfide through its capillary 
inlet system. Charge the inhibitor solution 


Liter Round 
Bottom Flask 


Condenser 


24 
¥ Connection 


Imm. Capillary 


Funnel Type 


Extension 12 mm. 0.0. Tubing 


Test 
38 mm. 0.0. Tubing 


45 
6 ¥ Connection 


Ammonia Iniet 


Cylinder 


Figure 1—Schematic representation of reflux 
apparatus. 
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reservoir with the one liter inhibitor 
solution and put this into place. The 
reservoir should have inhibitor inlet 
capillary which delivers one per min- 
ute. mentioned previously the con- 
centration inhibitor flowing across the 
test strip can computed from the rate 
flow the inhibitor solution plus 
that the condensate. 

Allow the test run for hours 
the case may be. For the longer runs 
may necessary use inhibitor 
inlet capillary decreased flow rate. 
such cases necessary use higher 
concentration inhibitor the stock so- 
lution. Caution: avoid transferring even 
small amounts dirt the inhibitor 
reservoir flask; extremely small amount 
dirt will plug the capillary. 

the end the desired period op- 
eration, shut off the heat and dismantle the 
apparatus. Remove the test strip and im- 
merse briefly test tube full in- 
hibited hydrochloric acid, approximately 
5N. This rapidly removes any scale which 
has been formed during the test. Rinse 
water, then acetone, dry and weigh de- 
scribed for the initial strip preparation. 
Since the strips were all the same size 
originally, and exposed for equal lengths 


TABLE Strips with Various 
Methods Cleaning (10 Runs) 


Method of Cleaning 


Mechanical Scouring......... 


we Loss, mg 


35, 28, 42, 24, 18 
Mechanical Scouring and Acid 13, 71, 33, 34, 
56, 71, 77, 74, 61, 
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time the same manner, corrosion 
losses can compared directly. 

few minor modifications are necessary 
the operation when water soluble in- 
hibitors are being studied. Start with 
the corrosive water and 300 hydro- 
carbon the boiling flask. The inhibitor 
solution charged its reservoir made 
inlet rate 0.5 per minute for the 
aqueous inhibitor solution. Cleaning and 
weighing the test strip done the 
same manner described previously. 


Procedure for Corrosion Admiralty 
Metal Alkaline Medium 


Clean new test strips arsenic-inhibited 
Admiralty metal, 1/16 inch, 


scouring with soap and pow- 
der, then rinsing with water, and ouring 
again with powder alone. Rinse water 
and immerse for 10-15 minutes 
percent aqueous solution 
nide. Rinse the strip thoroughly water 
wipe with the paper towel, rinse avain 
water, followed acetone. the 
strip dry and weigh the tenth 
milligram. 


Assemble the apparatus with 
corrosive water and 300 Skellysolve 
the boiling flask. Position the strip 
and the inhibitor stock solution the 
Turn the heat and the flow hydro- 
gen sulfide and ammonia and allow 
operate for period hours. Upon 
shutting down, immediately disassemble 
the apparatus and remove the Admiralty 
corrosion test strip. this quickly 
order avoid the unwanted corrosion 
Admiralty metal which occurs 
presence oxygen and ammonia. 


The corroded strip prepared for 
weighing immersion sodium cyanide 
solution for 10-15 minute period, fol- 
lowed rinse with water, and im- 
mersion dilute hydrochloric acid (about 
2N) for seconds. Rinse water and 
repeat the cleaning cycle, starting with the 
sodium cyanide. may necessary 
repeat the operations two three times 
before possible obtain clean strip 
which free corrosion products. The 
loss parent metal inconsequential. 
Experiments with initially strips 
gave weight losses less than after 
repeating the cleaning operation several 
times. 


Results and Discussions 


Preparation Steel Coupons 

Visual classification the corroded 
steel coupon was tried and found 
difficult. Ultimately weight loss measure- 
ment was employed. order for this 
done, the proposed cleaning procedure 
had evolved. Some the data which 
led the adoption the final method are 
shown Table Note that the removal 
the scale from the corroded test speci- 
men done with inhibited hydrochloric 
acid, whereas the test strip 


TABLE Oil Soluble Inhibitors for Corrosion Steel Acidic 
Environment 


Conc Flowing 


: Wt Percent in Over Test 
Name of Inhibitor Stock Solution Strip, ppm Wt Loss, mg 
| 58, 53: Ave. 64 
1 


Note: Inhibitor solution added at 1 cc/min. Test duration 10 hours. 
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Figure 2—Corrosion rates with inhibitor DD (ASTM D-665-54; MIL-I-25017). 


pared for use contacted with unin- 
hibited hydrochloric acid. 


Inhibitor Evaluation 

Table shows results obtained with 
different corrosion inhibitors study 
corrosion steel acidic environment. 
variety these materials appear func- 
tion corrosion inhibitors. interesting 
that certain the materials which are 


effective the reflux test are ineffective 


when tested the Turbine Oil Corrosion 
Method. These substances are inhibitors 
that the reflux test much more repre- 
sentative what occurs distillation 
column than the Turbine Oil Rusting 
Test. 

There are available present variety 
water soluble and water dispersive cor- 
inhibitors which appear have 
advantages specific applications. The 
data Table indicate that good de- 


gree protection can obtained with 


several materials and that this protection 
can carried down quite small con- 
centrations inhibitor. Again found 
that none the materials discussed here 
show any effectiveness the ASTM Tur- 
bine Rusting Test. 


Microinches 


Corrosion, 


TABLE 3—Comparison Water Soluble Inhibitors 
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Inhibitor, ppm 


Operation 


Figure 3—Corrosion rates with inhibitor G (ASTM D-665-54; MIL-I-25017). 


for Corrosion Steel Acidic 


Environment 


Wt Percent in 
Stock Solution 


Name Inhibitor 


Conc Flowing 
Over Test 


Strip, ppm Loss, 


36, 40, 30, 33, 28, 
36; Ave. 34 


Note: 


was interest study corrosion 
Admiralty metal the presence am- 
monia and hydrogen sulfide because 
Admiralty metal condenser tubes are 
commonly used gas recovery units, par- 
ticularly compressor aftercoolers. The 
environment here such ammonia 


Inhibitor solution added cc/min. Duration test was hours. 


alkalinity that much corrosion frequently 


results. 
The reflux test proved useful tool 


for laboratory study inhibitors. The dis- 
cussion which follows complicated 


the fact that the equipment has not been 
fully standardized, and data are presented 
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Inhibitor, ppm 


Hour Operation 


Microinches 


w 


Hours 


Figure 4—Corrosion rates with inhibitor (ASTM D-665-54; 


Corrosion, Microinches 


Wt Percent in 
Stock Solution** 


Conc Flowing 
Over Test 


Strip, ppm Wt Loss, mg 


43, 42, 43, 44, 35; 


* This run made with set ot capilla aries re N Hs ail HeS which gave stow rates. 
** Inhibitor solution added at 0.5 cc/min. 


Duration of run 20 


Wt Percent in 
Stock Solution** 


Conc Flowing 
Over Test 


Strip, ppm Wt Loss, mg 


95, 105, 108, 107, 


121; Ave. 107 


10 
-10 


10 
10 


* Run 2 2 at HeS rate 23 cc/min. ane NHs rate 8. 3< ce/min. 


** Inhibitor solution added at 0.5 cc/min. 


for three groups runs which give some- 
what different corrosion rates the ab- 
sence inhibitors. Despite this weakness, 
the individual groups runs the sep- 
arate conditions can made reproducible 
and hence the results are value. 


Duration of run 20 


The data Table were obtained using 
two particular capillaries for ammonia and 
hydrogen sulfide. Three the inhibitors 
tested, and are commercial addi- 
tives which have history successful 
operation the prevention corrosion 
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Figure 5—Corrosion rates with inhibitors and (ASTM D-665-54; 


steel acid medium 5-7 pH. 
This test method indicated that only one 
them (inhibitor afforded some de- 
gree protection, while the others were 
essentially ineffective. 

The next series runs were made with 
ammonia capillary which allowed 
much higher ammonia rate and caused 
much greater corrosion the absence 
inhibitors, 107 milligrams weight loss 
compared milligrams weight loss for 
the data Table Most the inhibitors 
tested proved ineffective; inhibitor 
was the only one found really ef- 
fective. interesting note the action 
inhibitor BB, material which 
good oil-soluble detergent. 
tergency properties inhibitor are 
believed responsible for the great 
increase corrosion which occurred with 
its use; that is, protection from corrosion 
products was lost very rapidly because 
the detersive properties this material. 


The inhibitor comparison data given 
Table were obtained with new set 
capillaries and also starting with new 
set Admiralty strips. can seen, 
the control runs gave considerably more 
corrosion than did those cited Tables 
and Here again inhibitor showed 
excellent effectiveness reducing 
rosion. 


interesting series papers, Dewar, 
divalent sulfur compounds promote 
dropwise condensation steam cop- 
per containing surfaces. This effect was 
ascribed the formation tenacious 
film the surface the divalent sulfur 
compounds. However, such film did not 
appear satisfactory retard corrosion 
very high degree under the conditions 
which prevail this test (Table 6). 
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None. - 
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CisH27 


None 
Inhit 


None 
Inhit 


None 
Inhit 


None 
Inhit 


| 

0 40 | . 
| | | q 
35 Inhibitor <6, 30ppm —— I 
| | 
| | | | | 
50 1 T T T | 
T | | q 
| | 15 | | 4 ‘ 7 
1 ite) — =— 
4 | 7 

Hours 

q .. 
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TABLE 6—Corrosion with Admiralty Metal (New Strips) TABLE 7—Inconsistencies ASTM Ratings Coupons 
Solution Strip, ppm Loss, TEST NUMBER 
None. - - wal 0 0 a Conc, ppm 1 2 3 4 | 5 
0.50 | 100 157 Severe Severe Moderate | Clean _Clean 


run. 


TABLE Coupons Segregated According Meyer and 


(ASTM Ratings Coupons) 


Test No, Type of Paper and 
Meyer and Sheldahl Coupon Group 
Garnet sic Garnet sic 
Inhibitor Conc, ppm Cor Cor Cor Non Cor Non ‘Cor 
Moderate Clean Moderate 
q Clean Moderate | ........ Clean Moderate 
Clean Moderate | Clean Moderate 
TABLE 9—Corrosion Inhibitor Testing Spec. 
Micro-inches Corrosion After 
20 Hours Exposure 
ppm 
Additive (in isooctane) | Run No. 1 | Run No. 2 | Run No. 3 
10 55 
20 50 
| 30 45 13 13 
| 40 2 1 2 
| 20 54 acd 
} 30 80 32 33 
| 40 24 27 | 10 
30 18 
40 3 
10 85 
20 53 
& 40 18 
10 58 } 
| 30 1 


* Modified to use resistance probes of SAE No. 1020 steel. 


ASTM Turbine Oil Test D-665 Modified 
According MIL-I-25017 


has been previously noted that the 
Turbine Oil Test does not show the ef- 
fectiveness number materials which 
appear effective the test described 
above. number difficulties were en- 
countered carrying out these tests 
the Turbine Oil apparatus. The following 
section discusses these points and de- 
scribes further modification the tests. 

The major objection this method 
the inconsistency the results and the 
failure obtain reproducible data. Thus, 
series tests which corrosion in- 
hibitor was used concentrations 10, 
20, ppm, etc. was frequent ex- 
perience obtain less corrosion low 
inhibitor content than higher content. 
Subsequent attempts improve the re- 
producibility this method were unsuc- 


cessful (Table 7). 


Other investigators have had similar dif- 
ficulties, can noted from the work 
Meyer and evaluating the 
ASTM Turbine Oil Test. This work 
showed that the corrosion coupons may 
separated into two different corrosion 
groups metallographic examination 
their relative rates corrosion 
Chicago tap water. Reproducible results 
were obtained using the more readily cor- 
rodible group coupons and polishing 
with silicon carbide rather than garnet 
paper. 

Confirmation that there were least 
two different types corrosion coupons 
which fell into entirely different categories 
has been established. was possible 
separate these two categories corrosion 
tests made with Lake Michigan water 
using the Meyer and Sheldahl technique. 
However, continuing use this technique, 
wherein silicon carbide was substituted for 
garnet paper, the results were inconsistent 
and the amount corrosion inhibitor nec- 
essary inhibit effectively was very high, 

The use garnet paper the coupons 
selected the manner described gave 
somewhat lower inhibitor requirement 
than the use the silicon carbide, but 
the results were considerably higher than 
would expected from the minimum ef- 
fective concentrations approved the 
military specifications for these inhibitors. 
The silicon carbide gave markedly deeper 
scratches than did the garnet paper; this 
difference probably 
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sponsible for the greater corrosion speci- 
mens polished with silicon carbide. The 
difficulties trying determine “min- 
imum effective concentration” are demon- 
strated Table 

Actual rating the corrosion coupons 
from the ASTM test subjective matter. 
MIL specifications require not more than 
six rust specks and carried the ex- 
tent looking for rust specks with low- 
power magnifying glass, coupons which 
appear clear frequently can observed 
contain number specks. The recent 
appearance quantitative type cor- 
rosion measurement involving change 
conductivity the corroded specimen 
described publications Marsh and 
Schaschl? seemed offer possibility for 
obtaining more selective ratings mate- 
rial. Accordingly, probes described 
their publication were modified they 


Topic the Month 


could immersed the ASTM Turbine 
Oil Corrosion beaker place the cou- 
pon, and readings were taken intervals 
during 20-hour test period. 

Results testing some corrosion inhib- 
itors are shown Figures The data 
shown here are quite consistent and 
the present there has been only one in- 
stance reversal. The difference degree 
effectiveness the various corrosion 
inhibitors can demonstrated readily 
examination the family curves 
shown these figures. 

mine minimum effective concentration 
ascertaining the quantity inhibitor 
required prevent corrosion excess 
given time, rather than rely sub- 
jective rating which susceptible vari- 
ations with different operators. Additional 


Any discussion this article not published above 


will appear the December, 1959 issue 


data obtained this testing are 
shown Table can seen this 
tabulation that once the where 
low corrosion prevails the 
sults are reproducible. Above this 
old, where corrosion still the 
precise. 
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Effect Velocity Life Expectancy Steel Pipelines 
Commercial Strengths Sulfuric Acid 


IPELINES carbon steel are the 

type most commonly used and gen- 
erally most economical for handling 
commercial strengths oleum and sul- 
furic acid above percent. The corro- 
sion resistance steel depends, however, 
upon the formation insoluble pro- 
tective film ferrous sulfate. Velocity 
accelerates corrosion removing the 
protective coating more rapidly than 
forms. The grooving resulting from ex- 
cessive velocity (11.9 per second) 
shown Figure 

appreciation the effect ve- 
steel pipelines handling acid the range 
93-99 percent ambient temperatures 


* Engineering Service Division, E. I. du Pont de 
Nemours and Company (Inc.), Wilmington, Del- 
aware. 


326t 


DEGNAN* 


may gained examination data 
shown Table Service life was ob- 
tained from plant records. 


Figure 1—Failure of steel pipe after one year of 
service. Pipe handled percent sulfuric acid 
11.9 feet per second ambient temperature. 


TABLE 1—Service Life Acid Lines Daily 
Service Ambient Temperature 


Acid Strength Velocity Service Life 
(percent) (Ft/Sec) (Years) 


Intermittent service, cast iron fittings. 
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Corrosion Die Casting Alloys Detergent Solutions 
Measured Electrical Resistance Method* 


Introduction 


THE AREA appliance perform- 

ance the corrosion metallic com- 
ponents can drastically limiting fac- 
tor. Designing for adequate corrosion 
resistance hampered the lack 
useful quantitative comparative data 
concerning the resistance commonly 
used metals tap water, soap deter- 
solutions and contaminated mix- 
tures both. 

Under such conditions appliance de- 
signers have three choices: 


1.To design the basis extrapola- 
tions field service experience. 


2.To rely corrosion data for the 
closest approximate material and envi- 
ronment. 


consequent high material cost. 


The present investigation was under- 
taken with these needs mind, utilizing 
sensitive method measuring small 
amounts corrosion obtain useful 
comparative data. 

survey recent developments the 
techniques corrosion testing led in- 
vestigation the advantages electri- 
cal resistance methods for measuring the 
corrosion resistance metal specimen. 
These methods are based two prin- 
ciples: 

and alloys generally have 

much lower specific resistance than 
their corrosion products. 


Decrease thickness metal spe- 
cimen result corrosion may 
measured measuring the in- 
creased electrical resistance the 
specimen. 


Dravnieks and Cataldi! utilized such 
method for evaluating the corrosivity 
crude oil mixtures employing thin steel 
shim stock (.001 inch) 
Roller? employed similar method for 
evaluating inhibitors for metallic con- 
tainers for red, fuming nitric acid and 
for surface coatings magnesium alloys. 
Lewis and used resistance 
method for determining the corrosivity 
naphtha streams refinery processes. 
Marsh and Schaschl* adapted similar 
method the rapid screening corro- 
sion inhibitors. All these workers 
utilized thin metal ribbons from .001 
inch .020 inch thick 
mately .125 inch wide, varying length 
from three ten inches. the present 
least two sources manufacture 
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and sell units for corrosion measurement 
employing this principle. 

Conclusions drawn from 
work showed the following advantages 
the method: 


specimen did not have 
removed from the corrosive environ- 
ment during the test. 

cleaning and weight-differ- 
ence determinations, with their in- 
herent susceptibility error were 
eliminated. 

Instrumental recording corrosion 
during the test was entirely feasible. 


Probable disadvantages appeared be: 


control and measur- 
ing techniques required design 
results would not affected the 
temperature coefficient resistance 
the material. 

2.Change resistance and loss 
weight not bear linear rela- 
tionship through the entire course 
the corrosion process. 


Abstract 


electrical resistance method was adapted 
test both aluminum and zinc die cast 
materials tap water, detergent solutions, 
and detergent solutions plus bleach. Since 
the rate attack these materials 
aqueous media sometimes low, with con- 
sequent small resistance changes, low re- 
sistance circuitry is necessary. Plotted data 
show comparative corrosion resistance 
zinc and aluminum materials and estab- 
lishes the technique satisfactory for the in- 
tended use. Conclusions reached are: (1.) In 
all three test media the aluminum-silicon 
alloy No. and the aluminum-silicon- 
magnesium alloy No. A360 superior 
the aluminum-copper-silicon alloy (A380) 
and the zinc die-cast material (D3), (2.) 
In solutions of detergent (not chlorinated) 
reasonable amount inhibition con- 
ferred by the silicates which are present, 


(3.) No. 13 (aluminum-silicon) alloy ap- 
pears to offer the maximum resistance to 
corrosion and No. 360 (aluminum-silicon- 
magnesium) alloy the next best. (4.) The 
method offers a satisfactory laboratory 
means comparing corrosion resistance 
metals. 2.3.5 


Figure 1—Ribbon specimen with electrical lead wires 
attached. Specimen, lead wires and glass tubes are 
sealed rubber stopper with epoxy resin. 


Figure 2—Cross-section specimen-lead wire con- 

nection. Annular ring copper connector, smaller 

circular sections are lead wire ends, and rectangle 
specimen end. Matrix material solder. 


ire 


ae 


Figure 3—Test equipment used on corrosion testing of die cast materials. Con- 
stant temperature bath the left contains specimens tubes corrosive 
media. Portable double bridge for measuring resistance is shown on the right. 


CORROSION 


ENGINEERS 


Figure 4—Specimen die cast material (D3) after 504 hours 
nated detergent solution at 71 C. 200X. 


Figure 5—Products corrosion place A360 aluminum alloy specimen 
ofter 648 hours in chlorinated detergent solution at 71 C. 


TABLE (Ky) Tap Water 


TABLE 2—Die Casting Alloys (Chemical Composition) 


Figure 6—-Photomicrograph of same specimen as shown in Figure 5. 200X. 


Total Dissolved Solids... .. 


161.6 ppm 
Total Hardness (CaCOs3) 


102.4 ppm 


Alkalinity as CaCOs... 42.0 ppm 
Manganese...... i None 
| 0.07 ppm 
Chlorides (Cl). . 17.7 ppm 
Sulfates (SO3).. . | 46.8 ppm 
Nitrates.... 0.8 ppm 


was readily apparent that previously 
reported techniques this field would 
need modified meet the follow- 
ing conditions: 


The electrical resistance the zinc 
and aluminum materials under con- 
sideration are lower than 
factors and respectively. 

The reaction rates zinc and alu- 
minum many waters and deter- 
gent solutions are appreciably lower 
than steel solution. 

Die-cast materials would need 
prepared ribbon form. 


ance involved usual electrical con- 
nectors might unsatisfactory. 
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* ASTM Designation. 


Specimen Preparation 


Specimens the various die-cast ma- 
terials were cut from inch thick die- 
cast slabs inches inches) furnished 
commercial die casting 
Samples each material were taken for 
chemical analysis. Strips inches wide 
and inches long cut from the original 
slab were lightly sanded each face, 
degreased and cemented ground steel 
blocks using epoxy adhesive. Clamp- 
ing pressures were relatively light and 
the adhesive (catalyzed) was cured 
standing room temperature for pe- 


*S12A *SC84A *AG40A 

No. 13 A380 A360 D3 
11.26 8.73 
Bal Bal Bal 3.95 
0.39 2.20 None 0.05 
0.12 0.05 0.53 0.28 
0.03 0.65 0.51 Trace 
0.18 0.32 0.03 RES 
0.15 0.08 Bal 
None 0.24 0.05 
0.04 0.03 0.03 None 
None 
None 


riod hours. After curing milling 
operation was employed reduce the 
original inch thickness .015 inch- 
.020 inch. Milling tool marks were re- 
moved polishing with fine abrasive 
paper. The assembly was then heated 
300 which softened the adhesive and 
the thin sample cast material was 
peeled from its steel block. 

The specimen then was bent 
shape, copper lead wires were attached 
and the assembly carefully degreased 
with organic solvents. Chemical cleaning 
prior testing was not 
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cause the porosity and interconnected 
yoids which would trap the cleaning 
material. The specimen thus prepared 
furnished two surfaces for simultaneous 
testing, one essentially as-cast (tension 
side bend) and one as-machined (com- 
pression side bend). typical speci- 
men shown Figure 


Test Equipment 


The looped ribbon specimen was sealed 
into rubber stopper with epoxy 
resin and was then inserted into 200 
test tube filled with the ap- 
propriate test solution. Waterproof tape 
was used ensure against loosening 
the stopper the tube. Two inch 
glass tubes were also inserted through 
the stopper allow filling 
the test tube desired. The glass 
tubes projected three inches above the 
stopper and served “standpipe” 
allow higher liquid level and eliminate 
air-liquid interface the test speci- 
men. 

Electrical connection was 
tween specimen and lead wire (No. 
stranded copper) compressing soft 
solder mechanically, without 
tween the wire, specimen end, and 
annular connector. Figure shows 
cross section typical specimen con- 
nection. 


The other end the lead wires were 
tubes mercury which served stable, 
low-resistance connectors. When meas- 
urements were made leads from the test 
were submerged the mer- 
cury tubes and readings were taken. 

The measuring instrument employed 
was portable double bridge with 
utilized detect the 
slightest deviation the galvanometer 
pointer. 

Individual sample tubes were supported 
rack immersed oil-filled con- 
stant temperature bath capable main- 
taining temperatures within 

general view the test equipment 


Test Procedures 


Duplicate samples test material 
were utilized and samples wrought 
aluminum material (1100) were tested 
for comparative purposes. 


The corrosive media used were Louis- 
ville tap water (composition shown 
Table 1), 0.38 percent solution 
standard detergent, and the same deter- 
gent solution percent common 
liquid household bleaching agent. The 
samples were maintained tempera- 
ture and the solutions were not 
changed for the duration the test. 


1100 aluminum strip (.010 inch .125 
inch inches) was immersed 
inert oil-filled tube and was held the 
bath with daily readings taken 
check against thermal, contact, and elec- 
trical measurement variations. Triplicate 
readings specimens were made daily 
plot resistance time was 


MEASUREMENT CORROSION DIE CASTING ALLOYS DETERGENT SOLUTIONS 


CHANGE RESISTANCE 


CHANGE RESISTANCE 


TIME DAYS 


Figure 8—Test results in detergent solution (stagnant) at 71 C. 


maintained until resistance increased ab- 
ruptly actual failure occurred. The 
cast materials used and their chemical 
composition are shown Table 


Discussion Results 


was observed that the attack zinc 
material was general nature while 
the aluminum specimens tended cor- 
rode few discrete sites. corroded 
test specimen material shown 
Figure The corrosion products evi- 
dent specimen A360 aluminum 
alloy are shown Figure 
shown Figure Comparing the cast 
aluminum material with the wrought 
(1100) standards was noted that the 
cast material was more susceptible 
intergranular attack and more localized 
corrosion. This was attributed the 
greater heterogeneity the cast material 
with impurities large grain boundary 
areas. tests run date there ap- 


peared tendency for either the 
machined as-cast side corrode 
preferentially. 

With samples .015 inch .125 inch 
change would mean reduction 1.6 
mils thickness or, assuming uniform 
loss, removal .0008 inch from each 
surface (discounting edges). 
tivity the method such that alu- 
minum sample with original resistance 
.01225 ohms can have changes meas- 
ured low 0.4 percent resist- 
ance change .0005 ohm. This would 
correspond metal loss about three 
millionths inch per face. The re- 
producibility appears satisfactory 
within the expected limits the hetero- 
geneous material being tested. would 
seem that even very localized pitting at- 
tack can satisfactorily measured within 
some limit pitting frequency and dis- 
tribution not yet determined. 
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Figure 9—Test results detergent plus bleach (stagnant) 


The detergent solution was comprised 
standard commercial detergent with 
nominal composition follows: 


Percent 
13.0 


Material 


Organic surfactant 
Sodium carbonate 
Polyphosphate 40.0 
Sodium silicate 24.0 
Anti-redeposition agent 0.8 
Optical bleach 0.1 (max) 


0.38 percent solution such deter- 
gent shows value 10.0 the 
test temperature. The active ingredient 
the bleach sodium hypochlorite with 
about percent active chlorine con- 
tent. The this material ranges 
from 10-11. The relation specimen 
area volume test solution was ap- 
proximately 150 solution per 
inch specimen. 


Reference was also made work done 


Any discussion this article not published above 


will appear the December, 1959 issue 
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regarding the influence area 
pitting probability and 
While variation will 
tered different media, the specimen 
size employed approximately the size 
beyond which Aziz and Godard found 
increase pitting probability. 


Data for three series tests, 
different solution, are shown 


Conclusions 


all three test media the alumi- 
num-silicon alloy No. 
-silicon-magnesium 
No. A360 are superior the 
minum-copper-silicon alloy (A380) 
and the zinc die-cast material (D3), 


With all the materials tested the 
tap-water was more aggressive than 
the non-chlorinated detergent solu- 
tion. 


(aluminum-silicon) alloy ap- 
pears offer the maximum resist- 
ance corrosion and A360 (alumi- 
next best. (These findings are 
partial agreement with Colwell and 
Kissling® who used alternate immer- 
sion and measured reduced me- 
chanical properties. They found No. 
alloy most resistant but 
found A380 alloy superior 
A360). 


correlation data from this work 
with available field service data should 
greatly improve the ability predict the 
performance metals appliances. 
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Introduction 


ALVANIC CORROSION the re- 

inforcing steel the 7-mile San 
Mateo-Hayward Bridge, which crosses 
the southern arm the San Francisco 
Bay, has been subject study for sev- 
eral years. Two papers describing the 
causes corrosion the reinforcing 

This paper progress report 
three experimental techniques employed 
attempt inhibit corrosion. The 
first trial method corrosion control 
cathodic protection, the second oxy- 
gen starvation adding capillary water 
the concrete and the third moisture 
equalization within the concrete 
painting moisture-resistant membrane 
over the surface the cathodic areas 
the deck units. 


Repair Corrosion Damage 


Magnitude the corrosion problem 
this 30-year-old reinforced concrete 
structure can illustrated the fact 
that the State California spent almost 
two million dollars within the last decade 
for repairs caused corrosion damage. 

Visible effects corrosion the re- 
inforcing steel are similar the behavior 
other reinforced concrete structures 
showing distress. The concrete cracked 
spalled. times there are rust stains 
the concrete surface. When the steel 
examined, may have thick stratified 
onion skin rust its surface. Usually 
the steel pitted. 

Repair the reinforced beams con- 
taining corroded steel accomplished 
orthodox methods: the concrete 
chipped from the effected areas, the steel 
sandblasted and then the girder re- 
built using cement mortar shotcrete with 
wire mesh reinforcing complete the 
repair. the steel stirrups are reduced 
measurably area, they are repaired 
the damaged area. 

After these repairs are completed 
the damaged portions 
span, might seem that further 
trouble should encountered. However, 
corrosion often reappears elsewhere 
the same span, and this difficulty 
sufficient magnitude cause concern. 


Causes Corrosion 


Two basic environmental factors seem 
cause the macro-galvanic corrosion 
the reinforcing steel this bridge: ab- 


for August 11, 1958. 
presented meeting the Western 
National Association Corrosion En- 
gineers, October 23-25, 1957, San Diego, Cal. 

Engineer, California Division 
Highways. 
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sorbed moisture and absorbed sea salts. 
These factors appear interrelated. 

Concrete will become electrolyte 
when moisture When mois- 
ture content the concrete equal, 
corrosion cells will formed differ- 
ential salt When the salt 
content equal, differential moisture 
contents can cause the steel become 
anodic cathodic. galvanic couple 
steel moist concrete will become 
anodic steel relatively dry con- 

addition the fact that moisture 
and salt content the concrete influ- 
ences the presence the corrosion cell, 
was found that, when anodic area 
steel was repaired shotcrete, this 
previously anodic area became cathodic 
with respect undisturbed steel em- 
beded the original concrete. Thus, 
when the concrete damaged corrosion 
steel repaired one area, the at- 
tack diverted new area. 

These causes corrosion have been 
amplified laboratory and field tests 
covering the corrosion steel con- 
The role sea salts promot- 
ing the corrosion reinforcing steel 
electrolytes moist concrete has also 
been 


Macro-Galvanic Corrosion Cell 


General arrangement the macro- 
galvanic cell, which contributes 
bridge’s corrosion, has anodic and ca- 
thodic areas separated distances 
feet the reinforced concrete deck 
slab. Generally, the deck cathodic 
the beams. The caps and the piling have 
cathodic and anodic areas which may 
random locations. Potential measure- 
ments made the surface the struc- 
ture with copper 
readily disclosed the potential distribu- 
tion pattern and the location anodic 
and cathodic areas. 

Similar potential measurements showed 
that the same type galvanic corrosion 
occurs abandoned pilings salt water 
environment and laboratory test 
wherein the anodic and cathodic 
electrodes were separated distances 
feet. 

Because the size and distribution 
the macro-galvanic corrosion cells the 
San Mateo-Haywood Bridge, the over-all 
damage poses difficult problem. How- 
ever, the present rapid rate corrosion 
may diminish with time. This factor 
brought out potential measurements 
conducted upon the concrete surface 
spans which have been repaired. Care- 


Progress Report Inhibiting the Corrosion Steel 


Abstract 


Experimental techniques used 
the corrosion steel reinforced con- 
crete bridge are described. Control meth- 
ods used include application cathodic 
protection, addition capillary 
the concrete to produce oxygen starvation 
and use paints produce moisture 
equalization within the concrete. Role of 
absorbed moisture and sea salts pro- 
moting corrosion discussed briefly. Be- 
cause several tests still remain to be made 
and evaluated, data are presented as a 
progress report, not as conclusions for de- 
sign criteria. 


fully repaired beams which were once 
anodic the deck area prior the re- 
pair often become cathodic after the 
repair. This polarity reversal causes cor- 
rosion shift the deck reinforcing 
steel. However, because the under deck 
has smaller concentration salt and 
moisture, the rate corrosion antici- 
pated less than that the beam 
sections. This factor sea salt concen- 
tration and penetration into the structure 
has been evaluated electrical resistiv- 
ity and potential measurements the 
concrete and steel the field and 
laboratory sampling core-drilled speci- 

Fundamental corrosion problems 
this bridge are not unique; Halstead and 
Woodworth were among the first study 
similar phenomena Natal, South 
Africa. Also, preliminary investigation 
reinforced concrete bridge adjacent 
the surf near San Diego, California, in- 
dicates that the structure’s reinforcing 
steel was suffering from similar macro- 
galvanic corrosion. 


Cathodic Protection for Bridge Structure 

Cathodic protection metal buried 
monplace expedient. However, the ex- 
posed aerial application cathodic 
protection reinforced concrete bridge 
beam and deck unit which well above 
water level appears unique. Yet, 
the moist concrete can function 
electrolyte, then 
should possible. 


Anode Assembly 

For experimental purposes, one-sided 
wooden trough retainer was made 
Douglas fir which had been pressure 
treated with pentachlorophenol preserva- 
tive. This trough was attached its ex- 
posed side the perpendicular face 
the reinforced concrete beams hold 
the anode assembly. Figure shows the 
anode trough assemblies mounted 
place the bridge structure. 

For anode, 3-inch 60-inch car- 
bon rod was fully embedded the anode 
trough. insure electrical contact be- 
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Figure 1—Experimental anode assemblies placed sides 
cathode protection. 
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Figure 2—Detail drawing anode assembly. 


tween the anode and the surface the 
concrete and maintain good current 
distribution from the anode, electro- 
lytic backfill was placed around the car- 
bon anode. This backfill consisted 
slurry part raw gypsum parts 
steam exploded mica volume. the 
total Volume raw gypsum and mica, 
approximately percent volume cal- 
cium chloride was added. 

After the paste-like electrolyte was 
placed the anode trough, approxi- 
mately 0.20 cubic feet calcium chlo- 
ride was sprinkled top the elec- 
trolyte. Measurements made after 
month field exposure showed 
tivity the electrolyte ohm cm. 
Figure detail drawing the anode 
assembly, shows the dimensions and 
method constructing the unit. 


Applied Voltage for Cathodic 
Protection System 


Because cathodic protection 
relatively new, information avail- 
able regarding the voltages which should 
employed. Extensive experiments were 
conducted determine the minimum 
applied voltage which would give the 
greatest protection over the structure 
with the least number anodes. Reports 
the refer the deterio- 
ration the bond between reinforcing 
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steel and concrete when high voltages are 
applied. However, unpublished 
the Army Corps Engineers cites 
the loss and eventual regain the bond 
strength cathodic steel under various 
current densities ranging from 
per square foot. 

While establishing voltage require- 
ment for this application cathodic pro- 
tection, one the experiments was con- 
ducted determine the total electrical 
resistance the complete cathodic pro- 
tection circuit from the experimental 
carbon anode the reinforcing steel 
cathode. 

Results the circuit resistance meas- 
urements are shown Figure plot 
circuit resistance versus applied volt- 
age. The total circuit resistance does not 
materially change when the d-c voltage 
exceeds approximately volts, particu- 
larly when compared smaller volt- 
age. The d-c circuit resistance approx- 
imately ohms volts d-c compares 
closely the circuit resistance measur- 
ing instruments. The apparent change 
circuit resistance with various applied 
voltages was also detected measure- 
ments laboratory test cells which con- 
sisted two steel electrodes embedded 
concrete. 

indicated the chart Figure 
minimum volts should applied 
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TOTAL CIRCUIT RESISTANCE - OHMS 


2 3 4 5 6 7 
APPLIED VOLTAGE - VOLTS 


Figure 3—Plot circuit resistance versus applied 
voltage. 


this installation for the apparent eco- 
nomic application cathodic protection 


Potential Change and Applied Voltage 


conjunction with the economics 
circuit resistance and applied voltage for 
the cathodic protection reinforcing 
steel, consideration must given the 
magnitude the applied voltage for 
corrosion inhibition. 

After search the literature did not 
disclose sufficient data indicating the nu- 
merical value the 
steel embedded concrete, attempt 
was made cathodically protect the 
steel from micro-galvanic corrosion. The 
criteria for the protection the steel 
was assumed the most economical 
distribution cathodic protection cur- 
rents which would remove decrease 
those anodic areas about the reinforced 
steel structure where there was definite 
evidence macro-galvanic corrosion. 

Evidence the distribution pattern 
cathodic protection currents was de- 
termined comparatively first surveying 
and plotting the original potential the 
steel copper sulfate half-cell; then the 
half-cell potential the same reinforced 
steel structure was measured after ca- 
thodic protection was applied. 

Survey the potential the steel 
after the application cathodic protec- 
tion measurements) was 
closely examined for evidence 
current damage. approximately 
separate cathodic protection tests, there 
was evidence, indicated poten- 
tial measurements, stray current dam- 
age the reinforcing steel. 

Because the geometric configuration 
the bridge and its mass reinforcing 
steel, apparently there were practical 
means which the actual current den- 
sity the reinforcing steel could 
measured calculated directly. There- 
fore, calculations have been limited 
the square feet concrete surface which 
indicated potential change the re- 
inforcing steel. 
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SQUARE FEET OF POTENTIAL DISTRIBUTION 
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Figure plot the area poten- 
tial distribution versus applied voltage, 
indicates the distance current throw 
across the surface the structure when 
various voltages are applied. This chart 
the result plotting the differences 
between the potential the reinforcing 
steel concrete surface before and after 
cathodic protection and measuring the 
changes indicated. 

indicated Figure the actual 
surface area concrete which 
potential change was measured did not 
increase materially after volts were 
applied. 

The change the average current 
density the surface the concrete 
when subjected increase applied 
the average surface current density versus 

June, 1958, experimental ca- 
thodic protection the reinforcing steel 
one span the San Mateo-Hayward 
Bridge had been under test continually 
for months. Thus far, potential meas- 
urements and field inspection indicate 
that the installation 
factorily. Satisfactory operation judged 
the lack new anodic areas evi- 
dence stray current corrosion the 
steel spalling the concrete. 


Corrosion Control Adding 
Capillary Water 
previous studies the corrosion 
steel, concrete was found 
have higher electrical resistance ca- 
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Figure 4—Plot of the area of potential distribution versus applied voltage. 
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thodic areas than the anodic areas. 
Also, the greatest influence the elec- 
trical resistivity concrete was created 
changes moisture content, particu- 
larly the cathodic 

Laboratory experiments indicated that 
concrete test cell containing two steel 
electrodes was completely immersed 
water (which excluded air from the 
voids) the galvanic currents due dif- 
ferential salt contents generally would 
reduced insignificant values. Con- 
versely, concrete cell equal salt 
content was subject differential wet- 
ting moisture, galvanic corrosion cur- 
rents were found flow. The wetter 
element became anodic. 

Therefore, evaluate the phenome- 
non differential moisture content 
method corrosion control, one half 
span the structure was wetted 
the normally cathodic area attach- 
ing wetting units the underside the 
deck. Figure shows the wetting units 
attached the underside the deck. 
Figure detail drawing the con- 
struction and installation the troughs 
used wetting units. 

water reservoir (not shown) at- 
tached the outside the bridge rail- 
ing, and fresh water piped gravity 
the wetting units. addition the 
wetting units, 10-mil thickness vinyl 
paint was placed the underside the 
deck, sides and shotcrete repaired areas 
the beams. The locations the bot- 
toms the beams where the potential 
measurements indicated the steel 
anodic were not coated with paint. 


Figure 5—Plot the average surface current density versus applied voltage. 
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Observations for months the po- 
tential measurements this experimental 
span not indicate that any conclusions 
could established for this installation. 
However, potential measurements the 
span before application moisture in- 
dicated that the ratio cathodic 
anodic potential areas (relative surface 
areas concrete encompassed anodic 
cathodic potentials) the surface 
the concrete was altered from units 
cathodic unit anodic units ca- 
thodic unit anodic area after appli- 
cation moisture the deck. 

This corrosion control method may 
possibly reduce the corrosion rate since 
the ratio the cathodic the anodic 
potential areas has been reduced. Labo- 
ratory tests indicated that water-satur- 
ated cathodic areas 
all galvanic action and currents. How- 
ever, wetted cathodic areas the bridge 
possibly are not being sufficiently satur- 
ated with moisture and, alterna- 
tive reducing galvanic activity, corro- 
sion being accelerated the anodic 
areas. Thus, the advantages disadvan- 
tages the cathodic wetting technique 
may not fully evaluated for several 
years. 


Moisture Equalization Painting 

Moisture equalization concrete cells 
the laboratory usually 
flow galvanic currents. Thus, 
corrosion control method, painting the 
concrete underdeck, sides and beams (ex- 
cluding the shotcrete repaired areas) was 
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water to the concrete. 


tried. 10-mil thickness vinyl paint 
was applied. 

Purpose the coating over the con- 
crete was attempt reduce evapo- 
ration absorption moisture which 
occurs with each weather change. 
theory, this moisture control would per- 
mit gradual equalization moisture con- 
tent throughout the entire unit. 

this bridge span, the other 
experimental spans, potential measure- 
ments were taken before paint applica- 
tion. After the span was painted, small 
areas paint were stripped from 
various locations facilitate subsequent 
potential measurements. date, defi- 
nite conclusions can 
the test exposure only months. 
However, tentative indication, the 
ratio cathodic anodic potential 
areas are again compared: before appli- 
cation the paint coating, the concrete 
surface area the two potentials was 
units cathodic unit anodic poten- 
tial surface area; after coating application, 
the concrete surface area relationship 
the potential the steel changed 
units cathodic unit anodic surface 
potential area. 

Apparently, the increase the ratio 
the cathodic anodic areas paint 
application may indicate that corrosion 


Figure 6—Wetting units attached underside bridge deck add capillary 
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Figure 7—Detail drawing of the wetting trough used. 


being localized and perhaps accelerated 
this method corrosion control. 


Conclusions 


the data contained this paper consti- 
tute progress report and should not 
accepted conclusive for design criteria. 


Numerous tests and measurements re- 
main made any the experi- 
mental methods corrosion control are 
evaluated. 

This experimental corrosion control 
program will continued. Also, new 
methods corrosion control will con- 
sidered they appear economical. 
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Development the Redox Probe Field 
Technique Costanzo and 
McVey. Corrosion, Vol. 14, 
No. 268t-272t, (1958) June. 


Rust-Proofing Co., Belleville, New 

Jersey: 
The authors report pitting Survey 
the 10-inch bare pipeline which had 
magnesium anodes attached the 
time construction (shown Figure 
12). Since pitting can the result 
local non-uniformities the soil contact- 
ing the pipe, have the authors been able 

identify the presence disseminated 
bits clay, for example, generally 
well aerated porous soils? 

The discusser will caution against in- 
terpreting the pipe potentials measured 
—.95 volt and —.90 volt, respectively, 
being significant criterion the con- 
trol the short lines corrosion current 
flow associated with localized pitting. 
The pipe potential measured the ref- 
erence electrode positioned the ground 
surface over the pipeline includes 
drop effect, large part which has 
effect the control local cell corro- 
sion. The drop through the soil, 
the case reported, attributable the 
flow protective current from the mag- 
nesium anodes, The significance the 
reference electrode position the con- 
trol local cell (pitting) corrosion has 
been demonstrated Sudrabin and 
F.W. Ringer, Corrosion, 351t-357t (1957) 

Extending this discussion the cri- 
teria used the authors, others (B. Mc- 
Collum, and Logan, National Bu- 
reau Standards Technical Paper No. 
351, 1927) have reported the limita- 
tions the earth current meter for cor- 
rosion systems having short lines 
corrosion current flow, thusly: under 
favorable circumstances, possible 
pick up, with inch contactor, evi- 
dences current flowing between cor- 
section pipe, providing the path 
this current long enough include 
both the potential terminals the elec- 
trode. However, the contactor picks 
but component this current and 
hot possible compute the true galvanic 
current from the reading obtained. the 
galvanic circuit very short, often 
the case, the earth current meter will 
only slightly affected, all.” 

felt that more useful correlation 
between the redox potential technique 
and other criteria will obtained 
the limitations each cri- 
terion used. 


q 


reference the presence dis- 
seminated bits clay, have not been 
able identify any clay since the entire 
area question peat bog, and 
pipeline generally saturated with mois- 
ture. 

Samples the black corrosion prod- 
ucts were lifted from the pipe pieces 
large your hand, and bright metal 
has been observed the pipe. Samples 
the corrosion products placed di- 
lute hydrochloric acid indicate the pres- 
ence sulfides, confirming the presence 
sulfur-reducing bacteria. 

respect the reference 
electrode —.95 volt and —.90 volt 
respectively, quite possible that the 
position the electrode may account for 
this. However, the readings the redox 
potential and the potential 
were not the exact same spot when 
the data were taken. 

Since the earth current meter was 
presented the National Bureau 
Standards 1927, considerable investi- 
gations have been made evaluating the 
instrument for galvanic currents. 
refer some work reported the Pitts- 
burgh International Conference Sur- 
face Reactions 1948. The instrument 
was discussed “Measurement Gal- 
vanic Currents Around Underground 
Costanzo. 

feel there enough correlation 
data with the earth current meter that 
can used correlate corrosion test- 
ing techniques. 


Coatings for Underwater Metal Sur- 
faces Fresh Water Exposures 
Sol Gleser. Corrosion, Vol. 14, 
No. 337t-386t, (1958) August. 


Comments Warren Palmer, Pro- 
tective Coating Engineering and In- 
spection Service, Houston, Texas: 


opinion that the technical 
formulation data presented this paper 
general little true meaning 
those interested corrosion mitigation 
long life, lower maintenance cost. The 
findings and truths the text has been 
general knowledge for about ten years 
those engineers working the pro- 
tective coatings field. 

The conclusion Sol Gleser, “It 
believed that will possible 
accurately predict the behavior and char- 
acteristics various coatings various 
exposures. When that time arrives, paint- 
ing will really have become branch 
the engineering sciences”, good read- 
ing but already ten years late. 
opinion, such statements made Cor- 


rosion create the impression that protec- 
tive coating engineering not yet true 
science; that will yet some time 
well the future before sound and 
economic savings from protective coating 
predictions can made particular 
corrosion preventive application engi- 
neers and personnel the know. This 
not true. There are already several engi- 
neers who for some time have been mak- 
ing most accurate and dependable pro- 
tective coating performance predictions 
and economic saving evaluations. 

The main problem get manage- 
ment, design and other engineering con- 
sultants follow the protective coating 
engineer’s recommendations, and avail 
themselves his service time that the 
planning, selection and the proper appli- 
cation can made new construction. 

not intent create the idea 
impression readers that the quali- 
fied protective coating engineers have all 
the answers are stagnant their 
search for new materials, methods 
application, use, etc. improve and 
grade performance and lower corrosion 
mitigation cost for industry. However, 
the time already hand when pro- 
tective coating engineering for corrosion 
control reduced loss from corrosion 
functioning with the same dependa- 
bility the other engineering sciences. 


From observations, appears that, 
unfortunately, many authors reporting 
performance paint coatings fail 
give precise quantitative information 
relative formulation, environment, 
surface preparation, methods applica- 
tion, performance coating and the like. 
Instead they content themselves with 
broad generic designations and qualita- 
tive descriptions performance. Terms 
such “phenolic-modified 
“red lead and oil paint,” “spar varnish” 
and the like are often used describe 
coatings lieu the inclusion their 
precise formulation. Similar imprecise 
language used for the other elements 
the coating system. obvious even 
amateurs that there might great 
difference performance two tung- 
oil varnishes prepared with two different 
phenolic resins even with different 
quantities the same resin. Also, dif- 
ferences performance can expected 
between coatings having variations 
any the other elements coating 
system and its environment. the ex- 
tent that the literature protective 
coatings fails give precise data, just 
that extent will the practices protec- 
tive coatings remain art rather than 
science. Similarly, unless precise data 
are made available the literature, 
training new corrosion engineers will 
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matter apprenticeship rather 
than scholastic endeavor. 


The dictionary defines science 
branch knowledge study dealing 
matically arranged and showing the op- 
eration general laws.” Painting only 
now beginning reach that status 
publications like Corrosion 
able the engineering profession pre- 
cise data performance which can 
systematically arranged show the op- 
eration general laws. While true 
that there are number engineers 
capable making more less depend- 
able predictions the performance 
also true that much their knowledge 
based data which for the most part 
are not published and the precise details 
which often are kept trade secrets. 


Mr. Palmer states “the time already 
hand when protective coating engi- 
neering for corrosion control reduced 
loss from corrosion functioning with 
the same dependability the other 
engineering sciences.” know 
reputable corrosion engineer yet willing 
state that can predict the perform- 
ance paint coating new environ- 
ment with the same precision that 
chemical engineer can predict the results 
the strength beam, mechanical 
engineer the life bearing. There are 
records failures paint coatings ap- 
plied accordance with recommenda- 
tions reputable corrosion engineers, 
indicative the still limited knowledge 
the profession. The important thing 
that the complete records concerning 
these failures made available the 
profession well those concerning 
coating successes, that they 
used the building blocks deriving 
our concepts the general laws govern- 
ing the science paint coatings. 


Failure Type 316 Stainless Steel 
Hugo and Nel. Corrosion, Vol. 
14, No. 12, 553t-556t, (1958) Dec. 


Comments Dillon, Union Car- 
bide Chemicals Company, Charleston, 
West Virginia: 


agree with the authors that the fail- 
ures are typical stress corrosion crack- 
ing residual static tensile stresses 
the presence environments specific for 
this type failure. However, the au- 
thors, while they acknowledge the influ- 
ence caustic soda specific agent, 
express surprise the rapidity failure 
(less than hours 300 C). May 
invite their attention 
“Stress Corrosion Cracking Austenitic 
Steels Elevated Temperatures and 
Ryabchenkov the Central Research 
Institute for Engineering Technology, 
Translation 4250 from Henry 
Brutcher and was originally published 
the June 1958 issue Metallovedenie 
Obrabotka Metallov. 


The Russian authors tested three al- 
loys, two which bear close resem- 
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blance AISI 321, various caustic 
media with and without chloride con- 
tamination. 330 they report failure 
within hours when the applied stress 
was above 45,000 psi. The “stress corro- 
sion limit” (analagous the endurance 
limit) close the yield point. Failures 
were predominately transcrystalline 
nature. Some the results are tabulated 
below: 


Time Failure 
hrs-25 min. 
hrs-10 min. 
hrs-30 min. 
hrs-55 min. 


Concentration 

Percent Caustin 
Percent Caustin 
Percent Caustin 
Percent Caustin 


The authors report failures all caus- 
tic concentrations above percent. 
failures were encountered straight 
sodium chloride solutions and the au- 
thors report that sodium chloride acts 
inhibitor caustic under their test 
conditions. 

have encountered stress corrosion 
variable concentrations caustic ele- 
vated temperatures and pressures. has 
not been possible ascertain whether 
the failures were due the caustic, 
contaminants, prior service. the 
other hand, our laboratory autoclaves 
have been used successfully 
work with only one thermowell failure 
(304) date. hour laboratory test 
cause cracking Erichsen Cup impres- 
sions annealed 304. 

our opinion, there considerable 
room for further investigation the 
phenomena stress corrosion cracking 
austenitic stainless steels 
services. Apparently, chloride contami- 
nants alone are means the sole 
agents and may factor all 
some instances. 


The authors wish thank Mr. Dillon 
for his interesting comments and the in- 
formation abstracted from Sidorov and 
Ryabchenkov’s paper. have not 
yet had the opportunity study this 
Russian paper, but will doubtless 
interesting learn whether cracking was 
obtained under total partial immer- 
sion conditions and 
occurred the vapor phase. 

The question whether not con- 
centration the contaminant corro- 
dant prerequisite for the occurrence 
cracking important problem, since 
perforce involves implications 
practical nature. are, general, 
agreement with the opinion that there 
considerable need for further investi- 
gation the phenomena stress corro- 
sion cracking austenitic stainless steels 
caustic services. 


TABLE 1—Dynamic and Low Flow Tests 


Observations the Mechanisms and 
Kinetics Aqueous Aluminum Cor. 
rosion Dillon. Corrosion 
Vol. 15, No. 13t-16t, (1959) 


Comments George Panter, Allis-Chal. 
mers Manufacturing Company, 
waukee, Wisconsin: 


Mr. Dillon has emphasized that the bulk 
film the rate determining factor 
aqueous corrosion aluminum auto- 
claves. also points out that dynamic 
test experiments was observed that 
deionized water equilibrated with alu- 
minum oxide the water 
corrosive aluminum. result his 
investigations the following questions 
come mind: 


What influence will water equili- 
brated with aluminum oxide have the 
nature the bulk film such that corro- 
sion reduced? 


What equilibrium bulk film thick- 
ness can predicted dynamic test 
which tends remove the bulk film and 
yet expected reduce aluminum cor- 
rosion using deionized water equi- 
librated with aluminum oxide? 


Oxides formed flowing refreshed 
water are more porous than those found 
autoclave samples. comparison 
oxide porosity for X-8001 samples ex- 
posed simultaneously the dynamic and 
low flow sections loop illustrates the 
point. The loop operated 250 with 
deionized water refreshed the rate 
gph, the flow rate was fps the 
dynamic section, sample area: inch 
dynamic section, inch low flow 
section. Penetration rates are given 
Table 

Both direct measurement 
area per sample and high corrosion rates 
for dynamic samples with thick oxides 
point the same conclusion. 
presence flowing water, soluble con- 
stituents are leached out the oxide 
rendering the oxide porous 
protective. 


Tests determine corrosion rates 
reduced zero refreshment for dynamic 
systems are progress. 


dynamic tests under conditions 
like those described question 
equilibrium film formed. Major losses 
oxide occur not dissolution, but 
undercutting and detachment the cor- 
rosion product flakes. This can lead 
erratic changes average 
ness, even reduction apparent 
thickness with time. These changes 
bulk oxide thickness are not reflected 
changes corrosion rate since the pro- 
tective inner oxide not involved. 


Test Condition 


Month 
Month 


Low f low 


1 Month 
Month 


| Time 


| Surface Area, Oxide wt/2 Penetration 
| m?/cm2?2 sq. in. in Mils 
1.10 .1872 1.98 
0.88 2.48 
0.065 0.1191 0.70 
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Some interesting tests have been con- 
ducted recently the Hanford Labora- 
tories and independently Chalk River 
which indicate that corrosion rates and 
corrosion product thickness 
the samples prior dynamic 
tests. likely that aging process 
occurs renders the corrosion prod- 
uct less subject leaching 


formation. 


influence Service Temperature 
the Resistance Wrought Alumi- 
num-Magnesium Alloys Corro- 
sion. Corrosion, Vol. 15, No. 
55t-62t, (1959) Feb. 


Comments Nowak, Aluminum 
Laboratories Limited, Kingston, On- 
tario, Canada: 


The experimental results the 
long time exposure programme are most 
welcome. Our results obtained during 
three years exposure agree entirely 
with those published Dix al. 


The subject would like comment 
upon the interpretation continuous 
phase precipitation terms nucle- 
ation According the authors, 
the formation coarse precipitates 
favored both high aging temperatures 
‘above 390 F-200 and low degrees 
supersaturation. Our results indicate 
that the factor determining the mor- 
phology precipitation the disloca- 
tion-magnesium atom interaction. The 
following general mechanism phase 
precipitation superpurity Al-Mg alloys 
can proposed terms this inter- 
action. fully annealed alloys where 
the only regions high dislocation 
density are grain boundaries, precipita- 
tion the phase occurs exclusively 
those regions. cold worked materi- 
als, however, two different processes con- 
trol the precipitation simultaneously: the 
rate recovery the deformed matrix 
determined the initial amount cold 
work, and the degree magnesium 


the case low thermal energy, 
that 212 the nuclei appear first 
the regions high density disloca- 
tions: grain boundaries, slip planes, de- 
formation bands, etc. (Figure 1). Since 
this temperature there practically 
annihilation and very little re-distri- 
bution dislocations, the amount 
precipitated phase increases with time, 
but its mode distribution remains the 
same, (Figure 2). the case higher 
thermal energy, that 350 (175 
seems that considerable re-distribution 
dislocations and formation sub- 
grains occurs before the beginning 
precipitation. For example, after 168 
hours heat treatment, the material should 
only mildly susceptible stress cor- 
(Figure 3). time progresses, 
further re-distribution and annihilation 
(Figure 4). comparing Figure 
Figure and Figure with Fig- 
ure can concluded that the de- 
gree supersaturation does 
ence the mode precipitation. 


DISCUSSIONS 


Figure 1—AI-4.7 percent Mg, 82 percent cold rolled, 
168 hours 100 1320X. 


* 


Figure percent Mg, percent cold rolled, 
168 hours 175 1320X. 


Figure 5—AI-9 percent Mg, 60 percent cold rolled, 
8000 hours at 100 C. 1320X. 


% 


Figure 2—AI-4.7 percent Mg, 82 percent cold rolled, 
7200 hours at 100 C. 1320X. 


+ 


Figure 4—AI-4.7 percent Mg, 82 percent cold rolled, 
7200 hours 175 1320X. 


Figure 6—AI-9 percent, cold rolled, 8000 hours 
175 1320X. 


Figure 7—AI-9 percent Mg, percent cold rolled, 


8000 hours 100 4800X. 


Figure 8—AI-9 percent cold rolled, 8000 hours 
175 4800X. 
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Figures and clearly show the exist- 
ence two types phase particle: 
(1) 212 (Figure the particles 
present are rod-shaped oriented, 
which indicates least partial coherence 
with the matrix. This precipitate prob- 
ably represents the transition structure 
which has been shown very 
susceptible stress corrosion; (2) 
350 (Figure the particles are coarse, 
longer oriented and, therefore, not 
coherent with the matrix, which charac- 
terizes the final equilibrium structure 
the phase. 


the case intermediate tempera- 
tures, that 300 (150 C), the material 
probably extremely susceptible stress 
corrosion after heat treatment 
period 168 hours. But after year, 
when re-distribution dislocations has 
has been transformed the stable 
phase, the resistance stress corrosion 
improves. 

seems, therefore, that between 212 
and 350 the material must first pass 
through dangerous susceptible condi- 
tion before finally improving. Further 
work indicates that 437 (225 C), 
re-distribution and annealing disloca- 
tions occur quickly that irrespective 


ASSOCIATION 


the degree magnesium supersatu- 
ration, susceptible condition has time 
occur. Incidentally, Figure the 
discussed paper provides confirmation 
the above statements. 


son and Byron Shumaker: 

are indeed gratified find from 
Dr. Nowak’s discussion that the work 
our findings. 

Dr. Nowak’s interesting discussion 
the precipitation mechanism 
appreciated since there yet much 
learned concerning the various phases 
present and their effect the resistance 
stress corrosion the Al-Mg alloys. 
Our work within the Al-Mg family 
alloys has revealed susceptibility stress 
300 and 350 Perryman and 
Hadden*, working with higher Al-Mg 
alloys (Al-7 percent Mg), induced sus- 
ceptibility stress-corrosion cracking 
aging treatments the range 435 
510 all these temperatures the 
phase and the equilibrium phase 


Corrosion Aluminum-7 Percent Magnesium Al- 
loy. Inst. Metals, 77, 207, 1950. 
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apparently were involved either singly 
various combinations. 

our view, the susceptibility stress 
corrosion the Al-Mg alloys not 
cause specific phase 
such the suggested coherent phase 
being precipitated 212 that non- 
susceptibility occurs 350 above 
because the non-coherent equilibrium 
phase being precipitated. Regardless 
the phase present, the precipitate 
believed highly anodic. When 
integrate all our data find that 
regardless the magnesium level the 
alloy aging thermal treatments can 
produce microstructure where the pre- 
cipitate substantially continuous along 
the grain boundaries (without consider- 
able precipitate within the grain bodies) 
the alloy highly susceptible stress- 
corrosion cracking. 


felt that the improvement re- 
sistance stress corrosion after pro- 
longed heating the intermediate tem- 
peratures, such 300 the result 
general precipitation within the grain 
bodies increasing the ratio the area 
the anodic phase that the cathodic 
solid solution. The attack then spread 
out over larger area rather than being 
concentrated the grain 


Discussions technical articles appear the June and 
December issues only when they not immediately follow 
the article which they pertain. Discussions received from 
October through March will appear the June issue and 


those from April through September the December issue. 
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210,000 Copies Technical 
Reports Distributed 1958 


Over 210,000 copies technical 
committee reports were distributed 
1958, according the report the 
Technical Practices Comrnittee submit- 
ted the NACE president. 

total committee meetings 
were held since the 1957 report this 
committee. 

Technical committee membership in- 
creased during the past year. Total 
membership 1957 was 1312; 1958, 
1337. 


New Activities Begun 

Thirteen new activities were begun 
1958: three new units and new task 
groups. New units formed 
Wax-Type Pipe Coatings and Compo- 
nent Wrappers, T-9A Biological, and 
T-9B Preservatives and Their Appraisal. 

New task groups formed were T-1K-3 
Inhibitor Testing Elevated Tempera- 
tures, T-2H-5 Review and Encour- 
age Publication Technical Articles 
Asphalt-Type Protective Coatings, 
T-4A-3 Methods and Materials for 
Grounding, T-6A-19 Asphalts, T-6A-20 
Plastisols, T-6B-15 Silicones, T-6D-4 
Specifications for Shop Cleaning and 
Priming, T-6D-5 Exploratory Task 
Force Painter Safety and Painter 
Education, T-8A Chemical Cleaning and 
T-8B Refinery Industry Corrosion Los 
Angeles Area. 


Committees Dissolved 

The following task groups were dis- 
solved during 1958: T-1C-3, T-1C-4, 
T-ID-1, T-1H-1, T-1H-3, T-1H-4, 
T-2H-1, T-3F-1, T-3F-5, 
T-4A-1, T-4A-2, T-5B-3, and T-5B-5. 
Unit Committee T-1J Oil Field Struc- 
tural Plastics was dissolved also because 
the committee considered the unit’s pur- 
pose had been fulfilled. 


Co-operation With Other Organization 

Twelve areas co-operation with 
other organizations were reported dur- 
ing 1958: ASTM Joint Committee 
Chemical Analysis Powder Diffrac- 
tion, API Panel Cooling Water, 
ASTM Committee D-19 Industrial 
Water, Society the Plastics Industry, 
ASTM Committee A-10 Methods 
Corrosion Testing, National Association 
Fan Manufacturers, Steel Structures 
Painting Council, Corrosion Committee 
the Federation Paint and Varnish 
Production Clubs, Construction Specifi- 
cations Institute, American Welding So- 
ciety’s Committee Metallizing, API 
Division Refining Subcommittee 
Corrosion, and the Corro- 
sion Committee. 


Four New Coordinating Committees 
Four coordinating committees 
ated with three NACE units during 
1958. Northeast Region Corrosion Co- 
ordinating Committee T-7A was joined 
the Columbus and Central Ohio 
Committee 


South Central Region Corrosion Co- 
ordinating Committee T-7D was joined 
the San Antonio Area Corrosion 
Committee. 

Western Region Corrosion Coordi- 
nating Committee T-7E was joined 
the Central California Catholic Protec- 
tion Committee and San Francisco 
Committee Corrosion. 


Water 


Effect Corrosion 
Discussed 


Unit Committee T-1D, Sour Oil Well 
Corrosion, discussed activities its Task 
Group T-1D-2, West Texas-New Mex- 
ico, methods checking corrosion and 
effect water production corrosion. 


Task Group T-1D-2 

Activities Task Group T-1D-2 have 
centered around study covering inhibi- 
tors, pump corrosion, sucker rods and 
tubing, plastic pipe and tanks, storage 
tanks and treaters. Information was ob- 
tained questionnaire sent 100 
operators with returned. These cov- 
ered 8992 wells which 2971 were con- 
sidered corrosive. 

the wells being tested with inhibi- 
tors, 744 were treated with oil soluble 
inhibitors, 466 with oil soluble water 
dispersible and 148 with water soluble. 
Inhibitor ratio total fluid varied from 
quart for each barrels fluid 
quart 800 barrels fluid. Inhibitor 
ratio oil varied from quart 
oil. 

Treating frequency varied from daily 
once each days. The decision 
start treatment was most often deter- 
mined well service records although 
some operators used coupon studies and 
offset operators’ practices. 

Storage tanks, based weighted 
average the number wells being 
reported on, were percent welded 
tanks, percent bolted galvanized steel, 
percent wooden tanks and percent 
bolted black steel. the same averages, 
coatings for tanks were percent coal- 
tar epoxy, percent vinyl, percent 
epoxy and percent coal tar. 

The survey showed that heater treat- 
ers were used for 64.3 percent the 
treating equipment, wooden gun barrels 
for percent and steel gun barrels for 
16.7 percent. 

Cathodic protection was used 62.5 
percent the heater treater, coatings 
2.4 percent and protection for 35.1 
percent. 

Coatings were used protect 58.7 
percent the steel gun barrels, ca- 
thodic protection percent and 
protection percent. 


IVITIES 


Cathcart Saffian 


T-6F CHAIRMAN recently elected are Chair- 
man Cathcart Oak Ridge National 
Laboratories, Oak Ridge, Tenn., Vice Chair- 
man Saffian General Dynamics Corp., 
Groton, Conn., and Secretary Paul Lewis 
the Buerau Reclamation, Denver Federal 
Center, Denver, Colo. This committee investi- 
gates applications and methods protective 
interior linings. 


Methods Checking Corrosion 

Coupons and service records were 
shown the West-Texas-New Mexico 
questionnaire the main criteria 
checking corrosion. its discussion, 
T-1D members stated that bottom hole 
coupons were more valuable than sur- 
face coupons, but field personnel disliked 
bottom hole coupons because the dif- 
ficulty running 

The main use coupons was sug- 
gested comparative values. 
Comparisons can used before and 
after inhibitor treatment indicate 
comparison between different inhibitor 
treatments indicate changes cor- 
rosive characteristics the well during 
its productive life. 


Effect Water Production 
Corrosion 
Effect water production corro- 
sion was discussed briefly. Cases were 
mentioned which corrosion almost 
disappeared high water production 
rates. some West Texas wells pro- 
ducing water had caused severe 
(Continued Page 74) 


Kunkel Copson 


T-5E CHAIRMEN recently elected are Chair- 

man Kunkel Celanese Corporation 

America, Bishop, Texas, and Vice Chairman 

Harry Copson International Nickel Co., 

Inc., Bayonne, This committee deals with 

stress corrosion cracking austenitic stain- 
less steels. 
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TECHNICAL COMMITTEE ACTIVITIES 


Inhibitor Squeeze Treatment, 
Coating Reports Heard T-1C 


Technical Unit Committee 
Sweet Oil Well Corrosion, 
ports October meeting New 
Orleans from its task group inhibitor 
squeeze treatment, plastic coatings and 
plastic coatings for paraffin prevention. 


Inhibitor Squeeze Treatment 


Inhibitor squeeze treatment was clas- 
sified short, medium and long squeeze. 
The short squeeze consisted pumping 
chemical chemical mixture the tub- 
ing string bottom without forcing inten- 
tionally the fluid into the formation. 
Medium squeeze consisted forcing 
chemicals into the formation over- 
The long squeeze required over-flush 

Over 300 wells were given total 
520 squeeze treatments. these, 
were considered failures 
corrosion control. The remaining 276 
wells (or about percent) were con- 
sidered successful. Success failure was 
based iron counts and/or caliper 
surveys. 

definite procedure available 
determine which squeeze treatment 
should given well. 

Detrimental production changes were 
noted wells which received squeeze 
treatment. Five these were caused 
water sensitive sands. Production was 
remedied immediate oil squeeze 
the wells were allowed return 


Stop electrolysis insulating connections 
with MAYCO Dielectric Fittings Dielectric 
Bushings. Bushings are toughest PLASKON 


nylon with extra-heavy gripping 


(on most sizes)...withstand pressures 
plumbing, heating installations— wherever 
dissimilar metals are joined. Order from your 
jobber write 


MAY PRODUCTS, INC. 


GALESBURG, ILLINOIS 


Manulacturers of MAYCO Dielectric Fittings 
— MAYCO Water Softeners 


normal production days. One 
production change was caused use 
improper chemicals; another caused 
cleaning action perforation. 

Generally, well production 
fected for about four five days. Sev- 
eral wells were reported have been 
stimulated the cleaning action the 
Most the wells, however, 
were unaffected squeeze treatment. 

Pump equipment costs varied from 
$30 $960 per well. Pumping costs, 
without inhibitor costs) can corre- 
lated with the well-head pressures: 

200 psi: $30 $80 per well de- 
pending depth pumping rate, amount 
over-flush, pumping rates, etc. 

200 300 psi: $50 $150 per well 
depending above factors. 

3000 8500 psi: $150 $300 per well. 

Normally, one drum regular inhibi- 
tor proved the minimum amount 
inhibitor per squeeze. Two ten 
drums were used several wells. 


Plastic Coating 
member reported plastic coating 
various types tubing joints such 
8-round, Spang-Seal, X-Lime, Gray- 
Lock, Hydril and Hardy-Griffin. 


Coatings for Paraffin Prevention 

member stated that plastic coat- 
ing, 5-coat baked-on phenolic, was used 
for paraffin prevention. was tested 
sweet, non-corrosive oil field 133 
wells which were natural flowing, 
gas-lift and pumping. 

The coating proved effective all 
types wells, according reduction 
scrapping costs. Effectiveness varied 
from percent natural flowing wells 
and percent pumping wells 100 
percent wells. 

Another test evaluate economics 
that plastic coating the most econom- 
ical. The other methods included coat- 
ing, paraffin solvents, mechanical scrap- 
ers, hot chemicals and hot oil. 


Hears Reports 
From Task Groups 


Technical Unit Committee T-1K, In- 
hibitors for Oil and Gas Wells, heard 
reports from its task groups meet- 
ing held last October New Orleans. 


T-1K-1 
Task Group Sour Crude 
Inhibitor Evaluation reported that re- 
vised static test screen sour corrosion 
inhibitors had been proposed and ap- 
proved replace the earlier test. The 
sour inhibitor dynamic test 


viewed, also. 

Group T-1K-2 Sweet Crude 
Inhibitor Evaluation reported that agree- 
ment had been expressed the Hous- 
ton meeting that any good dynamic 
sweet corrosion inhibitor test can 
used for evaluating sweet inhibitors. 

Future work the task group will 
consideration film persistence. 


T-1K-3 
Task Group T-1K-3 Inhibitor Test- 


ing Elevated Temperatures 
proposal the Texas Research 
ciates conduct research the high 
temperature corrosion steel systems 
encountered producing process. 
ing oil and gas. The NACE committee 
being canvassed determine the 
amount interest supporting 
proposal company contributions, 


Approval Given for 
New Unit Under T-1 


The Technical Practices Committee 
approved, the Chicago Conference, 
formation new unit committee 
under Group Committee T-1, Corrosion 
Oil and Gas Well The 
new committee will designated T-1E, 
Corrosion Water Injection Systems, 

Cecil Smith Carter Oil 
Tulsa, Okla., and Joy Payton the 
Texas Company, Houston, Texas, have 
been elected chairman and vice chairman 
respectively. 


Smith Payton 


The committee’s work will deal 
specifically with corrosion equipment 
waterflood and salt water disposal 
systems, means mitigation such 
characteristics the various oil field 
brines and source water used for water- 
flood purposes which contribute cor- 
rosion. 

Three task groups have been ap- 
pointed for the committee with the 
following chairmen: 

Task Group Classification Cor- 
rosive Waters. Chairman Case, 
Gulf Oil Corp., Tulsa, Okla. 

Task Group Inhibitor Treatment 
Injection Water. Chairman John 
Bruce, Shell Oil Co., Tulsa, Okla. 

Task Group Corroseion Resistant 
Materials for Water Injection Systems. 
Chairman Ladley, Phillips Petro- 
leum Co., Bartlesville, Okla. 

This new committee held two organi- 
zational meetings New Orleans and 
Tulsa last year. Its meeting Chicago 
was its first meeting which technical 
reports from task groups were heard. 


Water Production— 


(Continued From Page 73) 
trouble, possibly from drawing air into 
the pump. 


Records from one field that 
corrosion rate was obtained between 
and percent water. Between and 
percent water, the corrosion rate 
dropped off, and about percent 
water started upward again. pro- 
tective scale seemingly was formed 
certain stages, and when the scale 
stopped forming, the corrosion rate went 
again. 
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1960 Corrosion Show 
Brochures Are Mailed 


Descriptive brochures concern- 
ing the 1960 Corrosion 
held Dallas March 15-17 
were mailed May firms the 
prospect list for the NACE shows. 
Several contracts for space have 
been received already. 

Huff, Jr., NACE exhibits 
manager said, because the 
limited amount exhibit space 
available the Dallas auditorium, 
expected the show sold 
out before fall. “Companies that 
are interested exhibiting the 
1960 Show should send 
tracts said. Mr. Huff 
also said has supply ex- 
hibit brochures and contracts 
ready mail anyone interested 
who did not receive copy the 
May mailing. 


MIT Short Course 
Final Plans Made 
For June 22-26 


Lecturers and discussion topics have 
been scheduled for the one-week Special 
Summer Program Corrosion 
held June 22-26 Massachusetts Insti- 
tute Technology, Cambridge. 

Five course subjects and their lec- 
turers are listed below: 

Uhlig, professor metallurgy and di- 
rector MIT Corrosion Laboratory. 

Interpretation and Application 
Polarization Measurements: Milton 
Stern, Metals Research Laboratories, 


Niagara Falls, 

Surface Chemistry, Inhibitors and 
Passivators: Norman Hackerman, head 
chemistry department the Univer- 
sity Texas, Austin. 

Metallurgical Factors: Bruce Chal- 
mers, professor metallurgy Divi- 
son Engineering and Applied 
Physics, Harvard University, Cam- 
bridge. 

5a. Fundamentals Oxidation and 


Tarnish: Uhlig. 
5b. Corrosion Resistant and Oxida- 


tion Resistant Metals and Alloys: Mil- 
ton Stern and Uhlig. 


The program designed for those 
who have had previous instruction 
corrosion such various short courses 
sponsored NACE who have been 
corrosion work and who wish 
their understanding funda- 
mentals. Students should have previous 
acquaintance with elementary physical 
chemistry. 

Tuition $200 payable upon notifica- 
tion admission. academic credit 
offered. 

cial program. 


Prizes School 


Three exhibits pertaining corrosion 
have won prizes high school science 
fairs Washington, C., California 
and Texas. Prepared high school 
students, each exhibit received coopera- 
tion from NACE members. 

The three exhibit winners are Susan 
Weiser Washington, C., Judy 
Minna San Diego, Cal., and Judy 
Seastrand Houston, Texas. 

Susan Weiser won first prize 
chemistry, grand prize for all eighth 
graders the area and second place 
the Taft Junior High School Science 
Fair. Her exhibit dealt with cathodic 
protection. She was put contact with 
John Loeffler, chairman the South 
Central Region’s Educational Commit- 
tee her letter Tennessee Gas 
Transmission Company Houston. 
Mr. Loeffler supplied information, ad- 
dresses resources and other materials 
for the exhibit. 

Mr. Loeffler also gave resource in- 
formation Judy Seastrand Hous- 
ton for her exhibit plastics. She won 
ribbon and trophy for her first place 
the miscellaneous division the Sci- 
ence Fair held Cullen Junior High 
Houston. She made part the ex- 
hibit showing the uses liquid vinyl 
poured into molds and baked 350 

Judy Minna won first place the 
girls chemistry division the science 
fair San Diego, Cal. 16-year old 
junior Rosary High School, Judy 
was one 200 participants. Technical 
advice and reference material for her 
exhibit corrosion were furnished 
Waters, corrosion engineer for 
the San Diego Utilities Department and 
past chairman the NACE San Diego 
Section. 


Front Cover 
Changed for First Time 


Format for the front cover COR- 
ROSION has been changed effective 
with this (June, 1959) issue. This rep- 
resents the first major change format 
since the magazine was established 
1945, earlier modifications having been 


limited scope. 
The principal difference that the 


former practice using photographic 
illustration has been abandoned. The 
characteristic green background has 
been retained the form strip 
down the left side and selected list 
titles articles the issue has been 
added. The word “Corrosion” which has 


appeared all issues retained un- 


changed. 

This change was authorized May 
meeting the Publication Committee 
Houston the belief that the new 
format will more useful readers. 
was thought that readers will find 
the selected items from the contents 
(Continued Page 77) 


Exhibits Corrosion Win 


Science Fairs 


FIRST CORROSION PROJECT high school 
science fair San Diego, Cal., won first place 
for Judy Minna the girls chemistry division. 
16-year old junior Rosary High School, 
Judy was one 200 participants. Technical 
advice and reference material for her exhibit 
were furnished Waters, corrosion en- 
gineer for the San Diego Utilities Department 
and past chairman the NACE San Diego 
Section. The Science Fair was held Balboa 
Park April 3-7. 


NACE Conference 
Chairman Appointed 


Walter Szymanski Hooker 
Chemical Corporation has been ap- 
pointed general chairman the 1961 
Annual NACE Conference scheduled 
for March 13-17 the Hotel Statler 
Buffalo, 

Mr. Szymanski head the Cor- 
rosion and Materials Testing Labora- 
tory the Central Engineering Divi- 
Buffalo, attended 
the Erie County 
Technical Institute 
and University 
1958 
was chairman the 
Niagara Frontier 
Section and 
member several 
NACE technical com- 


mittees. has writ- 


ten several technical 
papers corrosion. 


Szymanski 


News intended for publication 
CORROSION should Houston 
not later than the 10th the month 
preceding month publication. 


: 


1959 prices are Polyken #900 
has protective backing that’s 25% heavier! 


your plant has corrosion problem, odds are 
you need Polyken protective tape coatings. 


More effective than paint and more eco- 
nomical. Because there’s need scrape 
down and repaint. 


Even more economical, now! Due greater 
manufacturing efficiency, Polyken quality up, 
and 1959 prices are down much 26%. With 
Polyken, you get more for your money than 
ever before. 


Polyken tape coating. Proved over the years 
top corrosion fighter plants throughout 
the country. Why not use your plant? 


CHECK YOUR COST ADVANTAGES THESE 


NEW LOW POLYKEN PRICES 


ACCESSORY inch Core—100, 200, 300 ft. length—Price Per Square, Dollars 


Quantity, Squares Less than 102 to 500 Sito 1500to 3000to 5001 to 25002 


102 1499 2999 5000 25001 + and Over 
No. 900 Black, 14 mils. 

No. 910 Gray, 12 mils. 

No. 940 Gray, 12 mils. 


No. 920 Black, 20 mils. 19.30 17.22 15.56 13.78 12.06 11.38 10.76 
PIPELINE ROLL-3 inch |.D. Core—400, 600, 800 ft. length—Price Per Square, Dollars 


Less than 102 to 500 S01 to 1500to 3000to 5001 to 25002 
102 1499 =. 2999 5000 25001 and Over 
No. 900 Black, 14 mils. 13.66 12.20 11.02 9.76 7.90 7.44 7.04 


No. 920 Black, 20 mils. 19.30 17.22 15.56 13.78 11.16 10.52 9.95 


Quantity, Squares 


Find Your 
Nearest Distributor 
The 


Pages’ 


Experienced modern 
PROTECTIVE COATINGS 


me KERN DALAL comeasy 
Polyken Sales Division 


CHECK THESE DANGER POINTS YOUR PLANT (and protect with Polyken) 


UNDERGROUND PIPE 


HANDRAIL “T" JOINTS, ETC. 


Polyken 


POL 
PRC 


Atlan 
Steele 
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Cinci 
Hare 


The 
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POLYKEN 
PROTECTIVE 
COATINGS 
DISTRIBUTORS 


Atlanta, Georgia 
Steele Associates, Inc. 


Chicago, 
Sales Engineering Inc. 


Cincinnati, Ohio 
Hare Equipment 


Cleveland, Ohio 
The Harco Corp. 


Denver, Colorado 
Patterson Supply 


Des Moines, lowa 
Donald Corporation 


Fort Worth, Texas 
Plastic Engineering Sales Corp. 


Harvey, La. 
Allen Cathodic Protection 
Company, Inc. 


Houston, Texas 
Cathodic Protection Service 


Kansas City, Missouri 
Industrial Coatings Engineering Co. 


Long Beach, 
Barnes Delaney 


, Dollars 


25002 

d Over 


Memphis, Tenn. 

General Pipe Supply Co. 
Minneapolis, Minn. 

Simcoe Equipment Co. 


Philadelphia, Pa. 
Harold Davis Co. 


Plainfield, New Jersey 
Stuart Steel Protection Corp. 


St. Missouri 
Shutt Process Equipment Co. 


San Francisco, 
Incandescent Supply Co. 


San Francisco, Calif. 
Edwards Electric Co. 


Seattle, Washington 
Farwest Corrosion Control Corp. 


Seattle, Washington 
Pacific Water Works Supply Co. 


Poluken 


Experienced modern 
PROTECTIVE COATINGS 


NACE NEWS 


‘4 


PORTLAND SECTION held Pulp and Paper Symposium its April meeting. Shown above 
are John Van Northwest Natural Gas Co., Portland, chairman; Read, Longview 
Fibre Co., Longview, Wash., guest speaker; Dean Burgan, Electric Steel Foundry, Portland, 
moderator; Shimmin, Crown Zellerback, Camas, Wash., guest speaker; Otto Hudrlik, Flox 
Co., Portland, vice chairman; and George Beisse, Weyerhaeuser Pulp Division, Longview, 


Wash., guest speaker. 


Portland Section heard Melvin Roman- 
off, National Bureau Standards, speak 
soil corrosion the May meet- 
ing. 

The section’s June meeting will 
round-robin which each commercial 
representative who section member 
will permitted tell about his com- 
pany and its products. 

San Francisco Bay Area 
have its summer recess during June, 
July and August. meetings are 
scheduled. 
Western Region Conference will 


held September 29-October the 
Bakersfield Inn, Bakersfield, Cal. 


SECTION 


CALENDAR 


Section. Short Course Ban- 
quet the Petroleum Club. 

Birmingham Section. 

Central Oklahoma Section. Ladies 

Tropical Cafeteria, Oklahoma 
ity. 

Teche Section. Regular meeting 

Petroleum Club. 
July 
Teche Section. Petroleum Club. 


Corrosion’s Cover— 
(Continued From Page 75) 


helpful that they can quickly tell 
whether not the issue contains arti- 
cles immediate interest. 

Other decisions also were made con- 
cerning CORROSION and other NACE 
publications the 


Lapel pins approximately inches 
high, made gold with inlaid red 
enamel and ruby center, are available 
NACE members only. Price $10. 
Address orders Executive Secretary, 
1061 Bldg., Houston Texas. 


Canadian Region News 


Edmonton Section held its April 
meeting the subject pipeline coat- 
ing inspections. Guest speaker was 
Gordon Russell the Interprovincial 
Corrosion Control Company. 

The section’s annual mixed social was 
held May with guests invited. 

Edmonton Section educational activities 
for the year have included co-operation 
with the ASM contributing the cor- 
rosion section the ASM course 
metallurgy and related topics. 

Transactions the 1957 Corrosion 
Conference, educational program held 
conjunction with the 1957 Canadian 
Region Conference, are now available 
printed form. The theme was the Six 
Keys Corrosion Control; these keys 
were structural design, protective coat- 
ings, environmental treatment, inhibi- 
tors, corrosion resistant materials and 
cathodic protection. Copies are avail- 
able from Gattenmeyer, Canadian 
Protective Coating Ltd., 9420 St., 
Edmonton, Alberta, Canada, per 
copy. 


North Central Region News 


Kansas City Section held regular 
meeting May with the subject for 
underground structures urban and 
metropolitan areas. Speakers were 
Singer, Gas Service Co., Gilliam, 
Kansas City Power Light, and For- 
rest Davidson, Southwestern Bell 
Telephone Co. 


Special Meeting the North Central 

Region will held July Cleveland. 

Guest speaker will Hoar, pro- 

fessor metallurgy the University 

Cambridge, Cambridge, England. Dr. 

Hoar received the 1957 Whitney Award. 


The 1959 North Central Region Con- 
ference will held October 20-22 
Cleveland, Ohio. 


Western Region News 
; 
@ 
7.62 
| Over 4 - 


ASSOCIATION CORROSION ENGINEERS 


Speakers Are Scheduled 
For Oct. 5-8 Conference 


Speakers from universities and gov- 
ernment research laboratories have been 
scheduled participate the October 
5-8 Northeast Region Conference 
Baltimore. Also, speakers represent- 
ing industrial laboratories will present 
papers during the conference. 

Ten papers more than could 
cluded the program were received, 
according Herman Preiser, chair- 
man the technical program. 

Speakers the program will repre- 
sent Oak Ridge Laboratory, 
Rutgers University, Bureau Ships, 
Naval Research Laboratory, University 
tory, National Bureau Standards, 
University Illinois, Boston Naval 
Shipyard, Naval Engineering Ex- 
periment Station and the Coast 
Guard. 


1959 Northeast Region Conference 

will held October 5-8 the Lord 

Baltimore Hotel, Baltimore, Maryland. 


4th Annual Corrosion Control Short 
Course sponsored the Miami Section 
will held November 16-20 the Key 
Biscayne Hotel, Miami, Florida. 


The University Illinois Corrosion 
Control Short Course will held 
the Urbana Campus December 7-11. 


Rugged, efficient, 
competitively priced. 
Years dependable pro- 
tection have earned 
Good-All rectifiers their 
reputation the finest 
money can buy! 
See your Good-All repre- 
sentative for complete 
information. 


GOOD-ALL ELECTRIC MFG. CO. 


NEBRASKA 


Niagara Frontier Section held panel 
discussion combating corrosion for 
its March meeting, the invitation 
the Buffalo Forge Company. Topics 
included introduction corrosion, vinyl 
and epoxy coatings, plastics, plastisols 
and baked coatings, zirconium, tantalum 
and alloys, rubber, stainless steel, alu- 
minum and copper alloys and hi-nickel 
alloys. 

Panel members included Cald- 
man and Cox. 


Kenneth Huston has been ap- 
pointed co-chairman the Northeast 
Region Conference held Balti- 
more, October 5-8. Mrs. Doris Lewis 
has been appointed chairman the 
ladies committee. Her assistants will 
Mrs. Burton and John Hend- 

Plans for the ladies 
program include sight- 
seeing tours Balti- 
more, Fort McHenry, 
Annapolis and the 
Naval Academy, 
coffee hours each 
morning lunch- 
eons the first two 
days the confer- 
ence, oyster roast 
and banquet have 
the conference also. 


Huston 


1963 Annual Conference 
Changed City 


The 19th Annual NACE Conference 
and 1963 Corrosion Show will held 
March 18-22, 1963, the Chalfonte- 
Haddon Hall Hotel Atlantic City, 

Preliminary arrangements have been 
made for easy air transportation At- 
lantic City from all points. 

The 1963 conference 
scheduled held Philadelphia. 


NACE Certificates Membership are 
available from the Central Office. Meas- 
uring inches, the certificates 
cost each and are signed the as- 
sociation president and executive secre- 
tary. 


Certificates for past chairmen 
regions and sections, measuring 
inches, are available from the Central 
Office $7.50 each. 


Vol. 


MEETINGS and 


SHORT COURSES 


1959 


Sept. 29-30, Oct. 1—Western Region 
Conference. Bakersfield Inn, 
field, Cal. 

Oct. 1-2—Southeast Region Conference. 
Jacksonville, Florida, Robert Meyer 
Hotel. 

Oct. 5-8—Northeast Region 
Lord Baltimore Hotel, Baltimore, Md. 

Oct. 12-15—South Central Region Con- 
ference. Denver, Colo. Cosmopolitan 
Hotel. 

Oct. 20-22—North Central Region Con- 
ference, Cleveland, Statler Hilton 
Hotel. 

1960 


February—Canadian Region Western 
Division. Vancouver. 

March Annual Conference 
and 1960 Corrosion Show. Dallas, 
Texas, Memorial Auditorium. 

Oct. 11-14—Northeast Region Confer- 
ence. Huntington, Va. 

Oct. 19-20—North Central Region Con- 
ference. Milwaukee. 

Oct. 25-28—South Central Region Con- 
ference, Mayo Hotel, Tulsa. 


1961 
March 13-17—17th Annual Conference 
and 1961 Corrosion Show, Buffalo, 


Y., Hotel Statler. 


Oct. 9-11—North Central Region Con- 
ference, St. Louis, Chase Park Plaza 
Hotel. 


Oct. 24-27—South Central Region Con- 
ference, Houston, Shamrock Hotel. 
Oct. 30-Nov. 2—Northeast Region Con- 

ference, New York City, Hotel Statler. 


1962 

March 18-22—18th Annual Conference 
and 1962 Corrosion Show. Kansas 
City, Municipal Auditorium. 

October 16-19—South Central Region 
Conference, Hilton Hotel, San An- 
tonio, 

SHORT COURSES 

1959 


June 2-4—Teche Section. Corrosion 
Control Short Course, Southwestern 
Louisiana Institute, Lafayette. 

June 2-4—Appalachian Underground 
Corrosion Short Course, West Vir- 
ginia University, Morgantown. 

June 22-26—Massachusetts Institute 
Technology Advanced Short Course 
Fundamentals Corrosion Reactions 
and Corrosion Control, Cambridge. 

November 16-20—4th Annual General 
Florida Conference 1959 Corrosion 
Short Course. Key Biscayne Hotel, 

December 7-11—University 
Corrosion Control Short Course. Ur- 
bana Campus. 


NEWS DEADLINE FOR CORROSION 


News intended for publication CORROSION should Houston 
not later than the 10th the month preceding month publication. 


When events occur near this date, sometimes possible hold 
space for news stories, provided advance notice given. estimate 
the amount space required should included the advance notice. 
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NACE NEWS 


South Central Region News 


Charles Geddes, Jr., 54, NACE mem- 
ber and corrosion engineer for Cathodic 
Protection Service Houston, was 
offshore rig Abbeville, La. had 
with the company years. 


Central Oklahoma Section will hold 
special ladies night meeting June 
the Tropical Cafeteria Oklahoma 
City. 

the April meeting Wade 
Watkins the Bureau Mines 
spoke application dissolved gas 
corrosion research waterflood prob- 


lems. 


North Texas Section held special 
ladies night program May its last 
meeting before summer adjournment. 
The film “Oil and Gas Well Corrosion” 
was shown. 


Shreveport Section heard panel dis- 
cuss economics cathodic protection 
underground pipelines the May 
meeting. Panel members were Pat Mil- 
ler, Texas Eastern Transmission Corp., 
Frank Therrell, Interstate Oil 
Pipeline Co., Olive, Arkansas Fuel 
Oil Corp., and Wise, Ark-La Gas 
Co. 

Ned Stearns has been appointed 
chairman the short course held 
September. Grady Howell 
man the annual barbecue scheduled 
June John Graves was appointed 
chairman the annual ladies night 
scheduled for July. 


HYDRAULIC MODEL the Glen Canyon Dam 
seen during the 1959 South Central 
Region Conference Denver, October 12-16, 
shown above. This and other models will 
shown during tour the Bureau 


Teche Section will hold its regular 
meeting June the Petroleum 
Club, Lafayette. The short course ban- 
quet scheduled for June 

Sablatura Gulf Oil Corpora- 
tion spoke his company’s experience 
with inhibitor squeeze the April 
meeting. 

Corpus Christi Section heard Gordon 
Doremus Cathodic Protection Serv- 
ice, Houston, speak instruments for 
corrosion measurement the April 
meeting. 

Permian Basin Section April meeting 
was discussion inhibitor screening 
tests given George Purdy the 
Tretolite Company. 

East Texas Section heard Joe Rench, 
vice president Napko Corp., Hous- 
ton, speak plastic material for cor- 
rosion control the April meeting. 


Houston Section heard panel discuss 
testing, application and inspection 
spray applied, chemical resistant lining 
materials the April meeting. Panel 
members were Roland Foster, Dow 
Chemical Co., Freeport, Barney Good- 
man, Tube-Kote Inc., Houston, Parker 
Helms, Union Carbide Chemicals Co., 
Texas City, Lee Mangrum, Linco, Inc., 
Houston, and Frank Wilson, Clemtex, 
Inc., Houston. Mr. Wilson 
moderator. 

South Central Region’s 1959 Confer- 
ence will held October 12-15 the 
Cosmopolitan Hotel Denver, Colo. 


Reclamation Engineering Laboratories. 
working scale model the dam now 
the Colorado River 
above Hoover Dam. The dam will 700 feet 
high, second only Hoover Dam this country. 


TECHNICAL 
REPORTS 


PROTECTIVE COATINGS 


Other Than Pipe Line Coatings 


T-6A Application Techniques, Physical 

Characteristics and Corrosion Re- 
sistance of Polyvinyl Chlor-Acetates. A Re- 
port Unit Committee T-6A Organic 
Coatings and Linings for Resistance to Chem- 
Corrosion. Publication 54-4. Per Copy 


T-6A Report Rigid Polyvinyl 

Report NACE Technical Unit 
Committee T-6A Organic Coatings and 
Linings for Resistance Chemical Corrosion. 
Publication 56-4. Per Copy $.50. 


T-6A Report Epoxy Resins. Report 

NACE Technical Unit Committee 
T-6A on Organic Coatings and Linings for 
Resistance to Chemical Corrosion. Publication 
56-5. Per Copy $.50. 


T-6A Report Application Techniques, 

Properties and Chemical 
Resistance of Chlorinated Rubber Ceatings. 
NACE Technical Unit Committee T-6A 
Organic Coatings and Linings for Resistance 
— Corrosion. (Pub. 56-6.) Per Copy, 


T-6A Vinylidene Chioride Resins. Report 

of Unit Committee T-6A Prepared 
Task Group T-6A-3 Vinylidene Chioride 
Publication No. 57-9. Per Copy 


T-6A Reinforced (Faced) Tank Linings. 
A Report by NACE Committee T-6A. 
58-7. Per Copy $.50. 


T-6A Report on Thermoplastic Coal Tar 

p Base Linings. A Report of NACE 
Unit Committee T-6A on Organic Coatings 
and Linings for Resistance Chemical Cor- 
rosion, prepared by Task Group T-6A-16 on 
Coal Tar Coatings. Pub. 58-10. Per Copy $.50. 


Protective Coatings for Atmospheric 

: Use: Their Surface Preparation and 
Application Physical Characteristics and Re- 
sistance. Report Unit Committee 
Protective Coatings for Resistance 
Atmospheric Corrosion. Publication No. 57-10. 
Per Copy $.50. 


Interim Report Recom- 
mended Practices for Surface Prep- 
aration Steel. (Pub. 50-5). Per Copy, $.50. 


TP-6G Second Report Surface 

Preparation of Steels for Organic 
and Other Coatings. (Pub. 53-1.) Per Copy, 
$1; five or more copies to one address, per 
copy $.50. 


T-6K Acid Proof-Vessel Construction 

with Membrane and Brick Linings. 
Report NACE Technical Unit Committee 
T-6K on Corrosion Resistant Construction 
with Masonry and Allied Materials. Publica- 
tion No. 57-6. Per copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas, Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


NACE’s 16th Annual Conference and 
1960 Corrosion Show will held March 
14-18 the Memorial Auditorium, 
Dallas, Texas. 


4th Annual Corrosion Control Short 
Course sponsored the Miami Section 
will held November 16-20 the Key 
Biscayne Hotel, Miami, Florida. 
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Figure 
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left 


The impeller you see has been spare for years! Re: 


Both and the working impeller inside the housing 


blower. The blower installed the Crown- 
right are Illium 56% nickel alloy par- 


Zellerbach Corporation plant Camas, Washington. 


Spare nickel alloy impeller for 
sits unused for years! 


working still good for years come 


gases are mighty hard most impeller metals. 
Yet, the spare impeller you see has not been needed 
since the blower went over years ago! Blower 
exhausts 17% gases 90°F from pulp mill 
sulfur burners. 

Both impellers are Illium high-nickel alloy 
cast Stainless Foundry and Engineering, Inc., 
Milwaukee, Wisconsin. This high-nickel alloy pro- 
vides superior resistance the corrosive attack 
many strong acids (particularly sulfur compounds), 
caustics, oxidizing and reducing agents, and sea 


water. It’s readily welded and machined, too. 


You’ll well check the advantages high- 
nickel alloys when designing for severe environ- 
ments. Whether you’re handling halogens, acidic 
caustic corrosives, temperamental foodstuffs 
whether temperatures are high low, you’ll find 
nickel alloy give you long, economical service. 


“Registered trademark, Stainless Foundry & Engineering, Inc, 


THE INTERNATIONAL NICKEL COMPANY, INC. 
Wall Street New York 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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TANTALUM 


TITANIUM + NOBLE METALS 
TITANIUM 


ACID” CHLORIDE 


HASTELLOY C 


IRCONIUM 
HASTELLOY B 


ZIRCONIUM 


NO. 20 ALLOY 


316 STAINLESS 
é 304 STAINLESS 


HASTELLOY F 


INCONEL 


HASTELLOY C 


MONEL 


Figure titanium and titanium- 
noble metal alloys with other corrosion-resistant 
materials. The total area shown represents 
variety different types corrosive environ- 
ments. The vertical line the center sepa- 
rates oxidizing environments the left from 
reducing environments the right. addi- 
tion, one moves further and further the 
left the right, the environment becomes 


Research Journal 
Published 
Four Sections 


“Journal Research” issued the 
National Bureau Standards will 
published four separate sections be- 
ginning July permit more effective 
dissemination the NBS findings 
science and industry and broaden the 
journal’s editorial scope, the change will 
divide the journal into four sections: 
physics and chemistry, mathematics and 
mathematical physics, engineering and 
and radio propagation. 

Readers will need subscribe only 
those sections that fall 
fields interest. 

The sections physics and chemistry 
and the one radio propagation will 
issued six times year with domestic 

annual subscription $4.00, $4.75 
foreign. The other two sections will 
published quarterly with domestic an- 
nual subscriptions $2.25 and foreign 
rates $2.75. 

Subscriptions should sent the 
nearest Department Commerce 
office Superintendent Docu- 
ments, Government Printing 


226,800 copies NACE Technical 
Committee Reports were distributed 
1957. 1958, 210,300 copies NACE 

echnical Committee Reports were dis- 
tributed, 


REOUCING 


more oxidizing reducing and more aggres- 
sive. For example, this represents increase 
temperature and concentration. Also, mov- 
ing from bottom top, the environments show 
greater tendency break down passivity illus- 
trated increase acid-chloride content. 
The solid lines with arrows the end show 
the behavior particular alloys. Each alloy 
will handle all below its solid 
ine. 


Fracture Materials 
Conference Topic 


conference Fracture Engi- 
neering Materials will held August 
23-25 Polytechnic In- 
Chapter, "Society for Metals. 
The program will consist consecutive 
sessions ductile, brittle and quasi- 
brittle materials, temper embrittlement, 
hydrogen embrittlement, 
tigue, fracture corrosive media and 
other 

Conference fee $10 payable 
“Fracture Conference” should sent 
Keeler, chairman, General Electric 
Research Lab., Schenectady, On- 
campus dining service and overnight ac- 
commodations are available the in- 


stitute’s campus. 


ASTM Hold 62nd Annual 
Meeting June 21-26 


ASTM’s 62nd annual meeting will 
held June 21-26 
Hall, Atlantic City, Reports in- 
terest corrosion engineers which will 
included the meeting are the fol- 
lowing: 

Corrosion iron and steel, corrosion 
non-ferrous metals and alloys, elec- 
trodeposited metallic coatings, chemical 
resistant mortars and non-destructive 
testing. 


Palladium Increases 


Resistance 
Reducing Acids 


Addition little 0.1 percent 
palladium titanium makes alloy 
which resistant some boiling solu- 
tions reducing acids, such hydro- 
chloric acid. The same improvement 
can effected the addition small 
percentages other metals—platinum, 
rhenium ruthenium, iridium, osmium 
and rhodium. 


The addition 0.1 percent palladium 
adds about cents pound the 
price titanium, which now sells the 
range $4-14 per pound for mill products. 


Tests the mechanical properties 
the titanium-palladium alloy show 
identical with properties the 
loyed metal. 


Theory Advanced 


Development the new alloy followed 
the advancement electrochemical 
theory* Dr. Milton Stern the role 
noble metal additions corrosion 
passivity which was applied the in- 
vention. noble metal essentially in- 
soluble the corrosive environment and 
has high exchange current for the 
hydrogen ion reduction process. When 
added metal such titanium, 
noble metal appears the surface 
the alloy create bi-electrode 
galvanic couple and serve site with 
low hydrogen overvoltage. This re- 
sults passivity and marked de- 
crease the rate corrosion. The 
effect all the more striking when 
realized that produced only one 
atom palladium for every 2000 atoms 
the alloy. 


Since this case, Dr. Stern’s theory 
preceded, and led to, the discovery, 
may worth while examine the test- 
ing procedures which resulted the 
discovering and confirmation the 
theory. 

previous work, Dr. Stern had 
proposed that passivating-type inhibitors 
function primarily creating mixed 
potential more noble than the critical 
potential for passivity the metal in- 
volved. The establishment potential 
more noble than some critical value 
basic concept which applies not only 
inhibitors but also the phenomenon 
anodic protection and the prevention 
corrosion galvanic coupling 
suitable cathode materials. 


Passivity Established 


Titanium exhibits unusually active 
values critical anodic potential. Often, 
this potential even more active than 
the reversible hydrogen potential the 
solution. Thus the theory postulates the 


* Metals Research Laboratories, Union Car- 
bide Metals Co., Div, Union Carbide Corp., 
New York. 


(Continued Page 82) 
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American Zinc Institute 
Elects New Officers 


Kenly was elected president 
the American Zinc Institute recently. 
vice president the New Jersey 
Zine Co., New York City. 

Other officers include three vice pres- 
idents: Campbell, Anaconda Sales 
Co., Carus, Matthiessen Hege- 
ler Zinc Co., and Snyder, Com- 
bined Metals Reduction 

fining and Mining Co., was re-elected 
treasurer and Kimberley exec- 
utive vice president and secretary. 


Building Council Meet 


The 1959 Congress the Interna- 
tional Council for Building Research, 
Studies and Documentation will held 
September 21-25 Rotterdam, Nether- 
lands. Topics safety factors, design 
and calculation structures, heavy con- 
crete research problems and fundamen- 
tal aspects transmission knowledge. 


X-Ray Proceedings Printed 


Proceedings the 7th Annual Con- 
ference Industrial Applications 
X-ray Analysis held August, 1958, 
are available from Mueller, 


POSITIONS 


Denver Research Institute, University 
Denver, Denver 10, Colo. 

The 359-page volume includes 
papers. Paper-back copies are $7.50 per 
copy; cloth-bound for 


International Galvanizing 


Arrangements are being made for the 
6th International Conference hot dip 
galvanizing held Cannes, France, 
May, 1961. 

Subjects for discussion will include 
corrosion galvanized coatings. Papers 
are being solicited for presentation 
the conference. 

Additional information can obtained 
from Zinc Development Association, 
secretary the EGGA, Berkeley 
Square, London, 


Titanium 
(Continued From Page 81) 


establishment passivity alloying 
with elements having low over-voltage 
characteristics. 

Under conditions where the metal ex- 
hibits relatively high hydrogen over- 
voltage, passive mixed potential may 
not directly obtained. However, pas- 
sivity can accomplished alloying 
such metal with element which 
essentially insoluble the environment 
and which exhibits high exchange cur- 


WANTED AVAILABLE 


Active and Junior NACE members and companies seeking salaried employees 


may run without charge two consecutive advertisements annually under this 
heading, not over words set point type. Advertisements other 
specifications will charged for $10 column inch. 


Positions Wanted 


Sc. (Chemistry), sales ex- 
perience industrial chemicals industrial 
water corrosion control. Desires employment 
Western Canada. CORROSION, Box 59-20. 


Over Five Years experience all phases 
cathodic protection pipelines and storage 
tanks. Degree. Age 35. Supervising ex- 
perience. Complete resume request. CORRO- 
SION, Box 59-22. 


Chemical graduate, this June, Worcester Poly- 
Tech, desires West Coast position city with 
opportunity for advanced degree study. COR- 
ROSION, Box 59-19. 


Positions Available 


Corrosion Engineer—Opportunity lifetime. 
Progressive top rated Eastern paint manufac- 
turer has splendid opening for experienced 
corrosion prevention salesman. Prefer man with 
ability manage, supervise and train salesmen 
his department. Future possibilities unlimited 
depending his ability. Replies treated strict 
confidence. CORROSION, Box 59-23. 


Sales Engineer: Splendid opportunity for quali- 
fied engineer with broad field 
cathodic protection. Interested sales develop- 
ment work relatively new and accepted 
product. Location near Houston but would 
require extensive traveling principally South- 
west. Preferred age 25-35. Reply guaranteed. 
Send photo resume experience. CORRO- 
SION, Box -21. 


Complete line corrosion proof materials and 
construction services including acid and alkali 
proof cements, brick, linings, coatings plastic 
ventilation and process equipment. This 
major line and requires technically trained 
agents who can devote substantial portion 
their time selling industry and architect engi- 
neers. Several protected territories available 
East, and Midwest. CORROSION, Box 
59-16. 

Corrosion and long range 
opportunity with new and going organization 
awaits young and ambitious mechanical 
chemical engineer. Position calls for minimum 
two years’ experience with industrial corrosion 
problems. Petrochemical, refinery related ex- 
perience desired. Extensive college courses 
metallurgy, chemistry and corrosion looked upon 
with favor. For further information for sub- 
mission specific qualifications, write. 


Texas Butadiene Chemical Corp. 
Box 777 
Channelview, Texas 
Phone 
Personnel Department—GL 


rent for the hydrogen ion reduction 
process. small amount corrosion 
should leave the alloy essen- 
tially elemental form the surface 
The surface now bi-electrode, 
galvanic couple, with one the 
stituents presenting low hydrogen 
overvoltage surface (see Figure 2), The 
exchange current for the 
duction reaction titanium 
small resulting active mixed poten. 
When alloyed with metals like 
num palladium, regions with very 
high exchange currents are produced 
the surface creating 
the passive potential range. This re- 
sults markedly reduced dissolution 
rate. 


Other Metals Effective 


The effect ten alloy additions 
the corrosion rate titanium boiling 
sulfuric and hydrochloric acids shown 
Table Corrosion resistance 
markedly improved many cases. Plati- 
num, palladium, rhodium, iridium, and 
ruthenium produce the best 
Osmium and rhenium are intermediate 
effect. Gold beneficial only higher 
concentrations, while silver and copper 
are detrimental. expected, the effec- 
tiveness the various additions 
roughly the same order their 
hydrogen overvoltage. Platinum and 
palladium generally exhibit very low hy- 
drogen overvoltages, whereas gold, sil- 
ver, and copper may considered the 
relatively high hydrogen overvoltage 
elements those evaluated. 


TABLE 1—Effect Various Alloy Additions 
the Corrosion Resistance Titanium 


Weight Loss in 24 Hours! 
(mils/yr.) 
Boiling 

HeSO. Boiling HCl 
Composition | 1% | 3% 
| 460 | 242 
Ti + 0.5% Pt..... <2 3 
Ti + 0.5% Ru | <2 | <2 
Ti + 0.6% Ir..... <2 | 3 
Ti + 0.5% Os.... <2 | 3 
Ti + 0.4% Re....| 9 | 30 
Ti + 0.3% Ag.... high | high 
Ti + 0.4% Cu....| 660 550 


= —— — 
1 The possible weighing error of these tests is F 
+2 mils/year. 
wy Rate of Metal Corrosion 
a 
PASSIVE 
i, (H, on Alloy) 
Potential 3 
3 
a 
> Potential 
i 


REACTION RATE 


Figure 2—Schematic diagram showing how al- 

loying with noble metal produces passive 

mixed potential and marked reduction 

corrosion rate. Alloying with palladium moves 

the exchange current the right produc- 

ing potential above the critical potential for 
passivity. 
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offers the only complete line corrosion survey in- 
struments for all pressure conditions—up 10,000 psi! Now 
can insert and retrieve corrosion coupons, samplers, 
and probes under full line pressure, without 


with normal operations any way. The patented 


Cosasco Access Fitting principle your key positive, 
corrosion survey programs transmission, storage, 
recovery and processing equipment—at all times 
and under all conditions! 

Free Corrosion Survey Service. you have corrosion survey 
Cosasco can help you solve it. Send details and blue- 
and the Cosasco solution will worked out promptly 


offers complete line ‘‘use-engineered” corrosion 
instruments. representative group shown above are 
r): Thermocouple Survey; Product Sampler; Cor- 
Probe; Hydrogen Probe (Chiksan swivel type) 
Probe (Standard type) Disc-type Coupon Holder 
(bottom line application) Coupon Holder (Standard inside 
register type) Coupon Holder (Extension tongue type) 
Pre-Stressed Coupon Holder. 


REGISTERED 


High-Pressure Retriever 
Corrosion survey 
instruments are easily 
removed and replaced under 

full line pressure through 


service valve and Cosasco 


High-Pressure Retriever, 
shown here. Access Fitting 
body has union type 
assembly with Acme outlet 
for fast valve installation, 
long thread life. 
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DIVISION 


PERFECT CIRCLE CORPORATION 
11655 McBEAN DR.. CALIFORNIA 


EXPORT OFFICE: 3631 ATLANTIC AVENUE, LONG BEACH, CALIFORNIA 
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CORROSION 


ERS 


PROTECTION 


pipelines, tanks, docks, well 
casings, offshore platforms against 
corrosion. Use rectifier systems 

the most effective and eco- 
nomical method. 


Our rectifiers are built fully 
rated components and parts de- 
signed give long trouble-free 
service under adverse conditions. 
Our years experience are your 
assurance highest quality and 
reliability. 


OIL COOLED TYPE 


CORROSION 


Write Today for 
Free Catalog 


CORROSION RECTIFYING INC. 


5310 Ashbrook 7-6659 
Box 19177 HOUSTON, TEXAS 


BOOK NEWS 


Identification and Determination 
Organic Sulfur Utility Gases. 
Institute Gas Technology Research 
Bulletin No. McA. Mason 
and Henry Hakewill, Jr. pages, 
inches, paper. January, 1959. 
Institute Gas Technology, West 
34th St., Technology Center, Chicago 
16, Ill. Price per copy, $5.00. 

Methods for accurate determination 

types and amounts organic sulfur 

utility and synthesis gases are presented. 

Detailed drawings special equipment 

are given appendix. 


Metal Finishing Abstracts. First issue, 
Jan-Feb 1959. Published Robert 
Draper Limited, Kerbihan House, 
Udney Park Road, Teddington, Middx., 
England. Annual subscription 
issues): surface mail $15; airmail $20 

Surveys the metal finishing literature 

including almost 600 periodicals the 

world and the patents, books and stand- 
ards all the major industrial coun- 
tries, 


Technical Books Sponsored 
United States Atomic Energy Com- 
mission, pages, inches, paper. 
1959. Available without charge from 
AEC Technical Information Service 
Extension, Oak Ridge, Tenn. 

This catalog lists and describes tech- 

nical books published the Com- 

mission since 1947 plus volumes 
published later. Listings include con- 
tents, publishers’ names and addresses, 
prices and indices titles and authors. 


Adjunct Professor Industrial 
Engineering, Columbia University, 
New York City. 347 pages, 
inches, 1958. Columbia University 
Press, 2960 Broadway, New York 27, 
Price per copy, $15.00 
Considered world authority the 
subject, Dr. Gumbel has produced 
reference book which may become 
text for the theory and use the 
distribution extreme individuals 
sample derived from some parent popu- 
lation. The subject special interest 
corrosion engineers because, for one 
example, the appearance hole 
underground pipe manifestation 
array penetrations which the 
summation comprises the corrosion pit. 
The text assumes the reader familiar 
with calculus and the elements sta- 
tistical theory. 


Proceedings—National Conference 
Air Pollution. 526 pages, paper. 
1959. P.H.S. Pub. No. 654. Public 
Health Service, Dept. Health, 
Education and Welfare. Supt. Doc- 
uments, Government Printing 
Office, Washington Per 
copy, $1.75 

Papers and discussions presented dur- 

ing the Nov. 18-20, 1959 National Con- 

ference Air Pollution are published. 

wide variety information most 

the important aspects the air 

pollution problem the United States 
presented. 

Symposia include: Status knowl- 
edge, accomplishments, sources air 
pollution, extent, health effects, econom- 
ics and social effects, control methods 
and procedures, administrative aspects. 
Some miscellaneous discussions are in- 
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cluded also. Data industria! 

are not specific. estimated costs 

air pollution range from 

billions annually, but 

the total provided. 

Principal industrial discussion ranges 
about the measures being taken re. 
duce pollution, their cost, 
economics terms capita! 
ment and payout. Most the specific 
effects given pertain health and 
culture, 

Second 1957 Report. Commission 
Corrosion Protection Association 
des Materiaux. (In French) Ruede 
Naples, Brussels, Belgium. pages 
plus pages appendix, typescript, re- 
produced one side only, 
paper. Availability not indicated, 

Contents include outline work 
performed, names and definitions 
principal forms deterioration coat- 
ings applied steel, principles followed 
estimated the percentage surface 
corrosion test samples; 

For 1952, study anticorrosive 
paints; for 1954, comparative study 
surface preparation and use rust in- 
hibitors and wash primers; for 
comparative study anticorrosive paints 
and epoxy resin finishes, marine im- 
mersion and semi-immersion tests and 
study the natural corrosion con- 
struction steel, 1954. 


10-Part Standards Book 
Published ASTM 


Publication has been completed the 
10-part 1958 Book ASTM 
The increase from parts was 
caused growth size individual 
parts that they could not bound 
economically. 

the parts are included 
standard specifications, methods test, 
definitions terms and recommended 
practices. The volumes contain 
total 13,600 pages. 

Each part complete with detailed 
subject index and list standards. 
Individual volumes can 
The complete set priced $116, avail- 
able from the society 1916 Race St, 
Philadelphia Pa. 


Zinc Corrosion Research 
Given Quarterly Report 


Four areas zinc corrosion research 
are given the first quarterly report 
published April jointly the Amer- 
ican Zinc Institute and Lead Industries 
Association. 

The four areas are corrosion hot water 
storage tanks, wet storage staining 
galvanized sheets, exposure galvan- 
ized and competitive steel sheet, and 
zinc anode installations for marine 
tankers. 

The report gives information each 
research project: where the research 
being conducted and some the sig- 
nificant results. 

Additional information available 
from the American Zinc Institute, 
East 42nd St., New York 17, 


Steel Founders Society 


Steel Founders’ Society America 
has scheduled its 14th Technical and 
Operating Conference for November 
the Carter Hotel, Cleveland, Ohio. 
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New Association Promotes 
Aircraft Parts Castings 


The Aircraft Castings Association, 
non-profit corporation to promote in- 
creased use ferrous castings for air- 
craft, missile and related industries, has 
heen formed group steel foun- 
dries. 

Membership open steel foundries 
producing castings aircraft quality 
and having the necessary facilities and 
personnel advance the objectives 
the association. 

Additional information can 
tained writing Stevens, Jr., 
Stanley Foundries, Inc., 6009 Santa 
Huntington Park, Cal. 


NACE Head 


New Cement Association 


Smith, Ceilcote Co., Cleveland, 
and NACE member, has been elected 
president the newly formed Acid 
Proof Cement Manufacturers Associa- 
tion. Eight companies are charter mem- 
bers. 

Located 1015 Chestnut St., Phila- 
delphia Pa., the association proposes 
handle industry statistics, advertising, 
new products and new uses. 

Manufacturers acid proof cements 
who produce substantial portion 
their requirements their own plant, 
packaging and reselling under their own 
name are eligible for membership. 


Ductile Technology 
Conference Theme 


Ductile iron technology will the 
subject one-week summer program 
scheduled June 29-July New York 
The program will held NYU’s 
University Heights campus the 

One the lectures scheduled will 
“Properties and Applications Duc- 
tile Ni-Resist” Sefing, Inter- 
national Nickel Co., Inc. 


Embrittlement Symposium 


symposium hydrogen embrittle- 
ment will included the 1960 Con- 
vention the American Electroplaters 
Society held July 10-14 Los 
Angeles, Cal., the Statler Hotel. 

Papers for this symposium are being 
solicited Herman Struckhoff, Laco, 
Inc., 1228 Atlantic, Los Angeles. 


Air Pollution Meeting 


Air Pollution Control Associa- 

tion, 4400 Fifth Ave., Pittsburgh 13, 

Pa., will hold its annual meeting Los 

Angeles June 22-26. Technical sessions 

exhibit will held the Statler 
Otel. 


American Welding Society 


American Welding Society’s fall 
meeting will the Sheraton-Cadillac 
Hotel, Detroit, September through 
October Sixteen sessions will held, 
and technical papers presented. 

The University Illinois Corrosion 
Control Short Course will held 
the Urbana Campus December 7-11. 


Trailer Tank with 
Chemiseal 
Plastic Lining applied. 


WITH FLUOROCARBON LININGS 


on 


GENERAL NEWS 


Here's real cost-saving idea! 


CORROSION-PROOF 


YOUR PRESENT EQUIPMENT. 


Instead buying new equipment for 
corrosive service, simply have Chemi- 
seal FLUOROCARBON PLASTIC LININGS 
applied existing equipment. It’s your 
assurance positive chemical resist- 
ance without the high cost special 
alloys, cladding, fused baked linings! 

Hydrochloric, hydrofluoric, and nitric 
acids, plus the stronger alkalies, oxi- 
dants, and solvents, cannot harm Chemi- 
seal FLUOROCARBON PLASTIC LININGS. 
They’re easy clean, non-brittle, non- 
contaminating, non-flammable, and can 
used temperatures ranging from 
—320°F +250°F. 

Most contours and materials (glass, 
wood, metal, concrete) can covered 
easily and efficiently with Chemiseal 
FLUOROCARBON PLASTIC LININGS. Con- 
tact the skilled, factory-trained applica- 
tor nearest you for details your 
application: 


Reactor Pot lined with Chemi- 
seal Fluorocarbon Plastic. 


THE BARBER-WEBB COMPANY, INC., 
Los Angeles, Cal. 
BELKE MFG. INC., 
Chicago, Illinois 
BUCKLEY IRON WORKS, 
Dorchester, Mass. 
ELECTRO-CHEMICAL ENGRG. 
MFG. CO., Emmaus, Pa. 


LINCO, INC., Houston, Texas 
METALWELD, INC., Philadelphia, Pa. 


Fluoride Tank lined with Chemi- 
seal 


Or, write for Bulletin AD-152, Special 
Products Dept., United States Gasket 
Company, Camden New Jersey. 


*Registered trademark 


Sitates 


Pipe Coupling with Chemiseal 
Fluorocarbon Plastic Lining. 
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Requirement: Apply heat piping when product must kept 


liquid during transfer 


Key Good Design: Use Alcoa UNITRACE, the aluminum pipe 
with integral steam tracing 


The problem applying heat product piping can 
solved efficiently and economically with Unitrace, 
the aluminum pipe with the integral steam passage. 

Unitrace, the steam and product passages are extruded 
integral segments single piece ALCOA 
aluminum alloy. The outside diameter the entire unit 
round like conventional pipe, permitting fast, easy erection 
with standard type fittings. 

With Unitrace, you get the advantages low cost, easy 
bending and quick fabrication. Unitrace eliminates the 
labor and cost involved installing external steam jackets 
steam tracer tubes. Lightweight lengths Unitrace can 
joined flanged connections, welding, illus- 
trated. Where valves and fittings are incorporated the 
product line, the steam can carried around the fittings 
jumper line. 

Unitrace has aluminum’s natural corrosion resist- 
ance, making well adapted for transferring molten sulfur, 
ammonium nitrate solutions, glacial acetic acid, fatty acids, 
naphthalene, phthalic anhydride, urea, wax, tar products, 
syrups, and numerous other products which must remain 
liquid state during transfer. 

*Registered Trademarks of Aluminum Company of America 
UNFLANGED CONNECTIONS USING TRACE-CAP 


Where not required, sections Unitrace can joined 
easily and inexpensively employing trace-cap. This done 
cutting back the trace line about the two sections Unitrace 
weld using 4043 weld wire. The trace-cap then welded over the cut- 
away section seal off the steam trace section the Unitrace. 


Unitrace now available standard pipe diameters 
from in. through in. Special cast Unitrace flanges, trace- 
caps, elbows and adapter flanges A356-T7 alloy 
make possible complete Unitrace piping systems. 

engineers have worked closely with all segments 
the process industries for over years and can help 
you specify the aluminum alloy tubular products and equip- 
ment best suited for your particular process applications, 
unparalleled experience this field available 
you for the asking. Write the address below, stating your 
requirements specifically possible. ALCoa’s develop- 
ment engineers will welcome the opportunity work with 
you your problems. 

You also can take advantage the wide selection free 
literature aluminum for Unitrace and other proc- 
ess applications. Simply check the booklets you want the 
coupon and mail the address indicated. will for- 
ward you the material promptly and without obligation. 

During 1959, ALcoa will conduct engineering confer- 
ences number major cities process industries 
applications aluminum. Contact your nearest ALCOA 
sales office for full particulars and dates. 


THERMAL INSULATION 


Alcoa Unitrace designed accommodate standard preformed 
pipe insulation. Boro-silicate glass wools foams, calcium silicate 
types are preferred. protection the aluminum surface needed 
with these insulations. cork, hair felt, asbestos cement mineral 
wool used, the aluminum surface should coated with Aluminum 
Metal-and-Masonry Paint. 


*The pressure the product line should not exceed the pressure the trace more than this amount. 
Note: Bursting pressure data based tests with welded Unitrace flanges and minimum mechanical properties. 
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Moment Inertia (1) in.4 2.71 31.82 81.82 
Radius Gyration (R) in. 1.09 2.12 2.78 
Section Modulus (S) in. 1.42 8.73 17.22 
Moment Inertia .70 2.65 6.36 29.72 76.70 
Radius Gyration (R) in. 1.08 1.40 2.05 2.69 


Section Modulus (S) -14 1.52 2.83 8.97 17.79 


kept 


pipe 


diameters 
trace- Product Area 
-T7 all Trace Area (in.?) 
alloy Metal Area (in.?) 
Weight (Ib/ft) an.) 
Bend Radii (in. 
Segments Wetted Perimeter 
can help Product 
Trace 
equip- Fitting Weights (Ib) 
lications, Trace-Caps 
ailable Elbows 
Plates 
your Flanges 
develop- 
ork with Adapter Flanges 
*Unitrace may bent any direction these radii provided reasonable tooling employed. 
free 
will for- 
confer- FLANGED CONNECTIONS VALVES AND FITTINGS 


ALCOA 


Special cast Unitrace flanges are available alloy A356-T7. Bolt Through use Alcoa Unitrace flanges, valves and fittings can 


holes mate with standard ASA pipe flanges for easy joining incorporated into Unitrace system. Tapped openings are provided 
other piping and equipment. For joining, the Unitrace trace line cut the steam chamber Alcoa Unitrace flanges facilitate attach- 
back short distance. The Unitrace inserted into the flange and ment jumper connections traced valves and fittings. Alcoa offers 
welded at the front face and neck of the flange using 4043 weld wire. Unitrace elbows with a 3x centerline radius. Several valve manu- 
Adapter flanges are available for joining different sizes Unitrace. facturers offer steam-traced valves aluminum. 

reformed 

needed 

mineral 


Aluminum Company America 
875-F Alcoa Building, Pittsburgh 19, Pa. 


Please send the following literature Alcoa Unitrace and other aluminum piping for the 
processing industry. 


10186 Alcoa Aluminum Heat Exchanger Tubes 


20437 Aluminum Alloy Heat Exchangers the Process Industries 
10460 Process Industries Applications Alcoa Aluminum 
10415 Welding Alcoa Aluminum 
34-10418 Alcoa Unitrace: Combines Piping and Tracing One Unit 
Name 
FOr drama 
Company 
Mondays, 
Title 
NBC-TV, and 


“ALCOA 


Address 


r -950 1.187 1.750 2.250 3.312 4.312 
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Aluminum 


Transit Concrete Mixers made alu- 
minum except for drive trains and mixer 
controls are being manufactured Con- 
struction Machinery Company, Water- 
loo, lowa. The mixers are built weld- 
able alloy 5086 developed Kaiser 
Aluminum, 


Bactericides 


Calgon Biocide RP, new algaecide 
control microbiological growths cool- 
ing towers and evaporative condensers, 
has been developed Calgon Company, 
Box 1346, Pittsburgh 30, Pa. This 
liquid inhibitor designed control 
many types micro-organisms, algae, 
bacteria and fungi. 


Cleaning 


Ultrasonic Cleaners, manufactured 
Circo Ultrasonic Corp., Terminal 
Ave., Clark, J., are designed re- 
move excess solder flux, fingerprints, 
lint waxes, grease and polishing com- 
pounds from parts such gears, bear- 
ings, instruments, etc. Each unit consists 
ducerized tank, 

Ferox, ncn-inflammable chemical rust 
remover, manufactured and sold 
Service Industries, 2105-07 Somerset 
St., Philadelphia 34, Pa. 


Tungsten Carbide Blades for airless 
abrasive blast cleaning equipment are 
described bulletin available from 
Wheelabrator Corp., 1170 South Byrkit 
St., Mishawaka, Ind. The blades are de- 
signed for use Wheelabrator abrasive 
blast wheels cleaning applications 
with heavy sand contamination and un- 
der severe operating conditions. 


Orosene 999, 24k acid bright gold for 
electroplating, described brochure 
available from Technic, Inc., Box 
965, Providence, 


Zincgrip Steel Tubing fabricated 
Armco Steel Corp., 703 Curtis, Middle- 
town, Ohio, was used for the structural 
members the new microwave tower 
produced Alprodco, Inc., 540 Weak- 
ley Ave., Memphis, Tenn. The new 
grade tubing made specially 
treated coils cold rolled sheet steel 
coated with zinc continuous proc- 
ess for corrosion protection. 


Coatings—Strip 

Liquid Envelope strip coating (Blue No. 
67-00), supplied Better Finishes and 
Coatings, Inc., Newark J., has been 
sprayed large sheets alloy steel 
protect surfaces during shipment, stor- 
age and fabrication. After fabrication, 
the strip coating pulled off big 
strips. 


Engineering Services 


Ebasco Services Inc., Rector St., New 
York Y., has published brochure 


describing the business consulting, engi- 
neering and construction services per- 
formed the firm. 


Fittings 
Pipe-Mate, new line light-wall 
stainless steel fittings and flanges, has 
been introduced Tube 
sion Chemetron Corp., Box 987, Lou- 
isville Ky. Designed for nominal 
temperature, low pressure, non-critical 
process piping, the new line will 
available 4inch sizes stain- 
less steel grades suitable for corrosive 
applications. 

Koncentrik Pipe Unions, developed 
Special Screw Products Co., Bedford, 
Ohio, are line corrosion resistant 
high pressure pipe unions with con- 
fined Teflon seal. Rated from 2000 
6000 psi, they are designed for use under 
extreme pressures and corrosive condi- 
tions. 


Inhibitors 


Nasul LP, corrosion inhibitor for 
petroleum fuels, available from 
Vanderbilt Co., Inc., 230 Park Ave., 
liquid designed for use all types 
petroleum fuels with physical properties 
that make easy handle, store and 
blend cold weather, according the 
manufacturer, 

Cold Stream, new water-soluble metal- 
working coolant, has been introduced 
Johnson’s Wax, Racine, Wis. According 
the manufacturer, the coolant stops 
rusting, resists rancidity and reduces the 
threat dermatitis. 


Instruments 


Cosasco Division, Perfect Circle Corp., 
Monte, Cal., producing simplified 
corrosion survey instrument for taking 
product samples under full pressure and 
normal operating conditions. 
cation the firm’s patented access fit- 
ting principle, the tool incorporates spe- 
cial design features for sealing off the 
top line vessel permit samples 
being taken from the bottom any 
desired position line. 


Howell Instrument Company, 3101 Trin- 
ity Fort Worth Texas, pro- 
ducing new turns counting dial made 
light weight plastic resist corro- 
sion. designed fit shafts such 
devices potentiometers, capacitors, 
valves and other equipment where mi- 
crometer read-out settings required. 
Available variety and combination 
colors for knobs and cases, desig- 
nated VerniDial Model 


Laboratories 


Bell Laboratories building $20- 
million research and development center 


Holmdel, 


Metals—Ferrous 


Stainless Steel being used 
Paasch Marine Service Co., Erie, Pa., 
for special strut and rudder combina- 
tions 52-foot boats used the 
oil industry South America where un- 


Material 


usually corrosive condition waters 
caused salts and chemicals. 


All-Stainless Steel Buildings ar: being 
fabricated Wonder Building 
ration America for use 
and caustic atmospheres. Available 
variety sizes, the buildings consist 
interlocking panels bolted together 
form self-supporting arches that become 
the walls and roof. 


Non-Metallics 


Silicon Carbide Foam, light weight 
corrosion resistant material with high 
porosity and thermal insulation 
pilot plant production Carbo- 
rundum Company’s Research and Devel- 
opment Division, Niagara Falls, 
Possible uses will nuclear reactors 
furnaces insulation, missiles, rockets, 
and non-ferrous metallurgy. 


Silicon Carbide-Bonded Graphite 
described technical data sheet avail- 
able from New Products Branch, Re- 
search and Development Division, Car- 
borundum Co., Niagara Falls, 
Properties, erosion test results and fabri- 
cability are given. 


Plastics 
Polyethylene Piping backed five- 
year guarantee being produced 
Yardley Plastic Co., Columbus, Ohio. 
new high strength polyethylene com- 
pound produced Allied Chemical 
used the piping which has been trade- 
marked Golden Jet. Molecular struc- 
ture chains averaging about 70,000 
carbon atoms length has been claimed 
comparison with the usual polyethyl- 
ene chain 2000 carbon atoms. 

Plasta-Met new division Nowery 
Smith Company, Box 7398, 
Houston, Texas, for the design and man- 
ufacture plastic mechanical parts, 
epoxy and other resin formulations, 
heavy duty coatings, castings, glass fiber 
laminates and other plastic materials for 
industrial use. 

(Continued Page 90) 


new paint roller for faster 
painting iron fences, pipe rail- 
ings and pipe work being 
produced Speedway Paint Ap- 
pliance Co., 565 55th St., Brooklyn 
20, The company claims 
tubular shapes can painted 
one motion and one-quarter 
the time usually required. 


| 
on 
q 
an 
q tic 
co 
j 
q 
q 
4 


Corpo- 
able 
onsist of 
become 


weight 
high 
4000 
Carbo- 
Devel- 
reactors 
rockets, 


fabri- 


uced 
Ohio. 
com- 
mical 
trade- 
ir struc- 
70,000 
claimed 


Nowery 
man- 
ulations, 
ass fiber 
rials for 


aims 


Protecting the cooling system 
giant diesel against corrosion just 
one the jobs handled effectively 
and inexpensively corrosion in- 
hibiting compounds containing 
Mutual chromates. Other applica- 
tions include: cooling towers, air- 
conditioning systems, boilers and 
condensers. virtually every type 
recirculating water equipment, 
you can protect against corrosion 
best with chromate compounds. 


Chromium Chemicals 


Potassium Bichromate 
Potassium Chromate 
Ammonium Bichromate 
Koreon (one-bath chrome tan) 


Sodium Bichromate 
Sedium Chromate 
Chromic Acid 


SOLVAY PROCESS 
DIVISION 


Chromium are available through dealers and 


branch offices located major centers from coast coast. 


GENERAL NEWS 


For best results, you should add 
chromate inhibiting compound 
your recirculating water system from 
the moment operations start. That 
way, clean metal stays clean! you 
add them older recirculating water 
systems already coated with rust and 
scale, they will arrest corrosion. 

Compounds containing Mutual 
chromates offer many advantages: 
They are stable. They’re readily 
soluble. They’re effective against all 


Please send: 


Name 
Position 
Company. 
Phone 
Street 
City 


types corrosion and scale forming 
materials. And they’re available 
wide variety, each chemically tai- 
lored specific task. The best 
them have this common—they’re 
based Mutual chromates. 

For the names manufacturers 
corrosion inhibiting compounds 
containing Mutual chromates in- 
formation Mutual chromium 
chemicals, suggest that you mail 
the coupon today! 


SOLVAY PROCESS DIVISION 


ALLIED CHEMICAL CORPORATION 69 
61 Broadway, New York 6, N. Y. 


List manufacturers corrosion inhibiting compounds 
Booklet “Mutual Chromium Chemicals” 
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YOUR SELECTI 
PROTECTIVE 


WRITE FOR 


YOUR COPY 
TODAY! 


PROVEN 
PROCESS INDUS 


STEEL TANK LINING 

CONCRETE TANK LINING 

PROTECTION STRUCTURAL 
STEEL, FUME DUCTS AND 
EQUIPMENT 

CONCRETE FLOORS 

TANK CARS 


THE 
TRIES 


COLD SET COATINGS 
HEAVY BUILD using standard 
spray brush methods. 
WIDE CHEMICAL RESISTANCE 
acids, caustic solvents, 
salts, de-ionized water, and 

aqueous solutions. 

HIGH TEMPERATURE RESIST- 
ANCE not affected ther- 
mal shock. 

AIR DRY field applications. 

EXCELLENT BOND Prim- 
ers white metal blasted 
surface. 


OTHER PLASITE PRODUCTS 


INCLUDE: COMPOUNDS 
PRIMERS 
BAKING COATINGS 


WISCONSIN 
protective 


coating 


NEW 


(Continued From Page 88) 


Tensolite Wire and Cable insulated with 
Teflon FEP fluorocarbon resin has been 
introduced Tensolite Insulated Wire 
Co., Inc., West Main St., Tarrytown, 
The new insulation, according 
the company, gives good weather resist- 
ance, high resistance ozone attack, 
almost zero water absorption and non- 
flamable. 
Bondstrand Fittings for plastic pipe are 
being produced Amercoat Corp., 4809 
Firestone South Gate, Cal. New 
fittings include 90- and 45-degree el- 
bows, tees, couplings and other fittings 
for threaded-end plain-end Bonstrand 
pipe. They have been tested fresh, salt 
and waste water, sewage, oils, solvents, 
foods, beverages, gases and other cor- 
rosive solutions. 

Fluoroflex-T specification details flex- 
ible and rigid piping and accessories are 
given notebook brochure available 
trom Resistoflex Corp., Roseland, 


Publications 


Electromet Metals and Alloys Review 
new magazine being published 
the Electro Metallurgical Company, 
East 42nd St., New York 17, division 
Union Carbide. will published 
and will present news de- 
velopments ferro-alloys, metals and 
metal compounds. 


Pumps 


Proportioning Pumps for metering liq- 
uids under high pressure are being pro- 
duced Walter Eagan Co., Inc., 
2336 Fairmont Ave., Philadelphia 30, Pa. 
These reciprocating plunger pumps will 
feed little 1.5 gph much 
108 gph corrosive non-corrosive 
liquids into chemical processes, food 
processes, water treatment systems and 
other applications where accuracy and 
long pump life are required, according 
the company. 


Roy Company, 1300 Mermaid 
Lane, Philadelphia 18, Pa., producing 
controlled volume pump using the 
Oliver diaphragm slurry pump design 
principles, The new pump designed 
move corrosive and heavy concen- 
trated slurries. 


Centrifugal and Rotary Pumps for 
variety industrial uses are described 
and illustrated 72-page catalog 
issued Paris Products Division, De- 
troit Harvester Co., 21800 Greenfield 
Road, Oak Park 37, Michigan. Included 
are Pioneer open-impeller centrifugal 
pumps and Rollway mechanical positive- 
displacement rotary pumps. 


Statistics 


Polyvariable Experimentation Booklet 
giving background information appli- 
cation statistics experimentation 
available from Satterthwaite, Sta- 
tistical Engineering Institute, Fuller 
Road, Wellesley 81, Mass. The booklet 
also describes four courses being offered 
June statistics. 


Surfacants 


Surface Active Agents Catalog has been 
published Onyx Oil Chemical Co., 


ASSOCIATION CORROSION ENGINEERS 


scribed trade name, active 
percent activity, physical state, 
use, specific applications 
The products are divided into gen. 
eral classes: anionic, cationic 
ionic. 


Tapes 


Denso Products, anti-corrosion and seal- 
ing products manufactured 
are being distributed the United 
States Denso, Inc., 480-14 Chestnut 
St., Camden, 


Test Panels 


Paint Test Panel Catalogs are available 
from Parker Rust Proot Co., 2177 East 
Milwaukee Ave., Detroit 11. 


Testing Facilities 


Solar Testing Service, 4165 
Terrace, Broward County International 
Airport, Fort Lauderdale, Fla., offer- 
ing testing facilities for paints, plastics 
and textiles ina sub-tropical atmosphere, 


Titanium 


Solid Tantalum Capacitors are being 
used critical aircraft and missile 
electronics because their insensitivity 
wide and rapid temperature changes, 
testing device developed Kemet 
Company, Division Union Carbide 
Corp., Box 6087, Cleveland 
Ohio, these capacitors maintained con- 
stant capacitance from —60 +125 
The device swings the capacitor from 
vessel containing dry ice solution 
trichlorethylene about —80 toa 
heated jar containing oil about 


Valves 


Luncor PVC Valves are described 
new brochure (Circular No. 601) avail- 
able from Lunkenheimer Co., Cincinnati 
14, Ohio. Included are tabular data 
recommendations for handling various 
corrosive fluids, information sizes, 
weights and dimensions and installation 
data, 

Atkomatic Valve Company, 545 West 
Abbott St., Indianapolis, Ind., has pub- 
lished new catalog listing their line 
less steel. Valve specifications, perform- 
ance data and application information 
are given. 

Steril-Aqua System for 
sterile, pyrogen free water 
steam described bulletin available 
from Wilmot Castle Co., 1934 East Hen- 
rietta Road, Rochester, 


Welding 


Primeweld Corporation Dearborn, 
Mich., has developed new method 
fastening stainless steel moulding and 
appliques automobiles welding 
stainless steel fasteners stainless steel 
stampings without leaving 
marks the pieces. Other possible uses 
will the aircraft, home appliance, 
furniture, radio and television industries. 
patented method welding used 
which low voltage and high amper- 
age bond the stainless steel parts, Auto- 
mobile moulding can made and at- 
tached three operations the new 
method instead the usual separate 
operations. 
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NOTHING PIPES LIKE 


GENERAL NEWS 


PIPE 


rust, rot, corrosion... 


other pipe does the job trouble-free 


KRALOY PVC Plastic Pipe with plastic valves and 
fittings installed the photographic laboratory 
the U.S. Air Force Missile Test Center, Patrick 
AFB, Florida. KRALOY unaffected most all 
common acids. 


Swimming pool water filters installed one 
the Miami Beach hotels using KRALOY 
PVC Plastic Pipe. Note solvent-welded joints 
fit requirements the installation. 


toughest piping problems are being solved faster, more easily and 
more economically than ever before great trend Plastic 
Pipe. Engineers and contractors have found that KRALOY PVC Plastic Pipe 
meets virtually every piping need and solves corrosion and maintenance prob- 
lems that metal pipe other materials can handle. 

Unaffected electrolysis, highly resistant salt water scale and most all 
common acids, KRALOY not only avoids rust-outs and metal deterioration fail- 
ures—but most important meeting budget specifications, cheaper 
install and maintain. 

Light weight that steel), ease making joints and 
bending simplifies transportation, handling and laying—saves 50% 
installation costs! 


SMOOTH WALLS FACTOR, FASTER FLOW 
Quality protected continuous laboratory KRALOY Pipe pro- 
vides both normal and high impact strength. Precision extruded, KRALOY’S 
smooth, highly polished mirror-finish walls reduce friction, permit faster, freer 
flow that delivers 20% greater volume than metal permits 
use smaller pipe sizes! And permanently retains these superior flow 
qualities. Underground aboveground—for liquid use conduit—when 
your requirements call for long life, corrosion and trouble-free pipe—specify 
PVC Plastic Pipe. Available all sizes from 12” with plastic 
valves and fittings. 


KRALOY GIVES YOU THE BIG 

paint, coating, lining cathodic protection. 

flexible strength allows installed faster and easier... it's 
easy bend, weld and thread. 

KRALOY’S inert character and smoother walls eliminate scale which results 
reduced foreign deposits valves and fittings, giving speeded flow and 
cleaner delivery. 

lighter weight enables 1-man handling, lets your trucks carry 
more pipe footage. 

For complete information and technical data, write for brochure KRALOY 

Plastic Pipe for Industry, Kraloy Plastic Pipe Co., Inc., Dept. C-6 4720 

East Washington Boulevard, Los Angeles 22, California. 
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Combats Extreme 


Corrosion Conditions 
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TRUSCON CHEMFAST 


investment Chemfast protection now will pay you main- 
tenance dividends for years come. Check these Chemfast 


features save money for you! 


Contains Devran Epoxy Resin 
Resists Chemicals 


Exceptionally durable for interior 


exterior 

Resists excessive abrasion 

High Operating Temperatures 
350°F. 

Available functional, morale- 
building colors 


Chemical resistance effective wood, 


metal and masonry surfaces 


Apply conventional methods 
including hot spray 


Truscon qualified representatives will provide prompt 


tion, color guidance and consultation without 


Gerald Baum has been the 
Resin Research Laboratories, staff 
senior chemist, Ronald Saltzman 
new associate chemist with tlie firm, 


Oliver, Jr., has joined Hodges 
1661 Stierlin Road, 
Mountain View, Cal., administrative 
vice president. Harline has been 
added the staff head the firm’s 
product development laboratory. 

Robert Kany, 2651 Euston Road, 
Winter Park, Fla., has been appointed 
representative for Pennsalt Chemical 
Corporation’s corrosion 
products Florida. 

Three NACE members have received 
new positions with the Coast Paint and 
Lacquer Company. Carl Seefeld has 
been elected president, Johnson 
now assistant the president 
charge sales, and Owens 
assistant the president charge 
product research and development. 

Merchant, senior research phys- 
icist for Cincinnati Milling Machine 
has been presented the 1959 National 
Award the American Society 
Lubrication Engineers. 


Ritchings has been appointed con- 
sulting mechanical engineer with 
Ebasco Services Inc. 


Edward Barcal, Jr., has been named 
manager the midwestern territory 
the Alloy Tube Division Carpenter 
Steel Co. 


Harold Andersen, NACE member, 


has been appointed sales manager 
Carborundum Metals Company. 


Charles Reed has been named gen- 
eral manager General 
metallurgical products department 
Detroit. 

John Ludwig, Jr., has been ap- 
pointed supervisor metallurgical serv- 
ices International Nickel Co., 
Pittsburgh, 


Ivan Miller has been named the 
protective coatings sales staff Mon- 
santo Chemical Company’s Lion Oil 
Division, Dorado, Ark. 


Oldham has been named vice 
president charge marketing for 
Allied Chemical’s Barrett Division, New 
York 

John Paredes has joined the sales 
staff Geigy Industrial Chemicals with 
headquarters St. Louis. 


Joe Pavlich now district engineer 
tor Dowell Division Dow Chemical 
Company Houston. 


Harold Schulte has been appointed 
chief engineer Wheelabrator 
Mishawaka, Ind. 


James Stanley and James Stav- 
rolakis have been appointed section 
managers technical development 
Crucible Steel Company America 
Pittsburgh, Pa. 
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new specialty Wrought offers better 


low temperature properties and better 
impact resistance than many steels 


(Manganese) Wrought Iron brand new specialty wrought iron offering excellent impact resistance 
sub-zero temperatures. define it: Wrought Iron highly deoxidized, low carbon alloy wrought 


iron containing manganese. 
New Wrought Iron not substitute for 4-D Wrought Iron. was developed specifically meet 
critical engineering needs for tough, yet economical metal low temperature services where the possibility 


brittle failure poses design problems. 
Independent impact testing Charpy V-notch specimens from plate shows that Wrought Iron 


has mean energy absorption foot-pounds Wrought Iron combines this boost impact 
strength with the excellent corrosion resistance and mechanical advantages 4-D Wrought Iron. can 
easily welded flame cut—in field shop—without requiring pre-heating post-heating treatment. 

Wrought Iron costs initially than many the low alloy steels recommended for low tempera- 
ture service. Available pipe, plate, and other forms, this new material well suited for wide variety 
low temperature applications, including such services tanks and process piping the refrigeration 


and petrochemical industries. 
Inquiries regarding this specialty wrought iron will receive immediate attention. Write: Byers 


Company, Clark Building, Pittsburgh 22, Pennsylvania. 


Charpy impact values for Charpy V-notch specimens machined from conventionally- 
produced 14” Wrought Iron plate as-rolled condition. 
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ety the Plastics 

Industry, Inc. 

Four ft. tall and 17% oa 

in. in diameter, the ‘ 

horn produced yea 

Wallace & Tiernan min 

Inc., Belleville, N. J. and 

CAREFREE SENTINEL THE GULF 
can 

The man-made oil drilling islands the mouth the 
Mississippi are under continuous corrosive attack this 
harsh marine atmospheres. equipment must made 
impervious corrosion. The foghorn, for instance, that 
warns shipping the presence islands, like this Shell 
Oil Company, Delta Division, oil-drilling rig, fabri- AMERICAN CYANAMID COMPANY tiv 
resin. The reinforced LAMINAC foghorn completely ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 
resistant, well resistant impact. Offices in: Boston Charlotte Chicago Cincinnati Cleveland 
Weighing just 120 pounds, can lifted one man. Dallas Detroit Los Angeles Minneapolis New York Oakland 
The previous metal horn required acrane move it. And Philadelphia St. Seattle 


the reinforced plastic horn requires maintenance. Canada: Cyanamid Canada Limited, Montreal and Toronto 
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Corrosion Problems 
Electrical Generating 


Introduction 

MONG THE most serious corrosion 
problems facing steam electric gen- 
plants are those affecting heat 
exchanger tubes. The magnitude this 
problem can realized from the fact 
that presently operating 
ing stations the Southern California 
Edison Company have 1867 tons con- 
denser tubes service. basic price 
cents pound for Admiralty tub- 
ing, this represents replacement value 
$3,200,000. 

Some the problems encountered 
and solved other parts the com- 
pany’s plants are also discussed and 
their solutions presented. These prob- 
lems involve large number factors 
including water pollution, metallurgical 
problems, design problems, velocities, 
mechanical problems created 
dence and numerous others. 


Condenser Tube Corrosion 


Corrosion which necessitated retubing 
condensers large scale became 
major problem the Long Beach 
Steam Station 1944 and continued for 
eight years. Contributing factors were 
prolonged operation the units without 
adequate time for cleaning mainte- 
nance due pressure war demands; 
and severe contamination the ocean 
water industrial wastes and sewage. 
Oxygen content the circulating water 
was near zero and hydrogen sulfide 
usually was present. heavy deposit 
slimy porous film the condenser 
tubes allowed sulfate-reducing bacteria 
cause additional attack the tubes 
and became practically impossible 
operate with Admiralty alloy tubes, 
which had been used almost exclusively 
the condensers that time. 

The velocity feet per second was 
too great for Admiralty metal, condens- 
ers required retubing less than 
year, about 7000 service hours. Alu- 
minum bronze, aluminum brass, 70/30 
and 90/10 cupro nickel were installed 
various condensers and, because the 
rapidity tube failures, the 
came large scale field test for tubes. 
Extensive tests proved aluminum brass 
the best answer the problem 
this alloy was adopted for all plants 
using ocean-circulating water. 

record was kept the extent 
corrosion each condenser using in- 
tive test the tube wall condition. 


Revised from the paper “Corrosion Prob- 
lems of an Electric Utility,” by L. Baskette, 
Southern California Edison Company, Los 
Anseles, California presented at a meeting 
of Western Region National Association of 
Corrosion Engineers, Los Angeles, Novem- 
ber 17-21, 1958. 


Abstract 


Some of the corrosion problems en- 
countered at power generating plants 
located near salt water are considered 
and their solutions discussed. These in- 
clude water pollution, heat exchanger 
tubes, condensers, concrete pipe, ground 
water wells, transmission tower footings, 
fences and structural steel. 4.6.11 


Water Box Corrosion 

Water boxes condensers suffered 
severe graphitization. Zinc anode plates 
were installed but were removed later 
because adverse effect the alumi- 
num brass tubes. Various linings and 
protective coatings were applied. Flame- 
sprayed polysulfides, polychloroprene, 
polyvinyl chloride paints, epoxy resins 
with fiberglass, polyvinyl chloride sheet 
linings and reinforced sprayed concrete 
linings have been applied. 

present accepted practice sea- 
side plants for lining condenser water 
over reinforcement Type 304 stainless 
steel 14-inch gauge wire mesh. 
This lining appears satisfactory. 

Solution one problem often creates 
another. Iron waste plates had in- 
stalled provide necessary iron cir- 
culating water for formation pro- 
tective iron oxide film the aluminum 
brass tubes. This was because sea lines 
bringing the ocean water for circula- 
tion were entirely concrete, the joints 
filled with polysulfides, the screens 
stainless steel bronze and fiber glass, 
the condenser boxes concrete lined. 
Consequently there was corroding 
iron surface presented the incoming 
ocean water. The protective film that 
forms the aluminum brass tube es- 
sentially iron oxide film, became 
necessary install iron waste plates 
the condenser water boxes, shown 
Figure This was effective stopping 
corrosion the tubes. 


Subsidence Land 


Because subsidence land the 
Long Beach harbor area the maximum 
depth saucer depression centered 
about the area occupied the Long 
Steam Station now excess 
feet. This has necessitated num- 
ber changes the steam station, 
some which involve corrosion prob- 
lems. Circulating water formerly was 
brought into the plant through under- 
ground concrete tunnels which had 
abandoned because the breaks 
from earth movement, well 
great depths involved. Circulating lines 
used now are 10-feet diameter sectional- 
ized concrete pipe, shown Figure 
These are 16-feet sections placed 
saddles above ground and sealed the 


Figure waste plates and gunite lining 
condenser water box. 


connecting ends means rubber 
rings. This method 
pendent movement the sections. 

The corrosion problem the sea line 
the “O” ring seal the joints. The 
rubber “O” ring held position 
metal groove the cylindrical steel 
end ring where the concrete sections 
join. Ocean water corrodes the inner 
rim the groove and the 
side the pipe pulls the rubber “O” ring 
sideways out position, causing air 
leaks and possible loss sea line 
siphon. 

Land subsidence also has necessitated 
keep the station site dry pumping 
seepage water over the dyke and back 
the channel. The well-points were 
originally 2-inch diameter copper pipe 
castings with fine mesh copper screens 
inside, set individual sand filter beds 
about feet below ground level. These 
were spaced 10-feet intervals around 
the boundary protected and were 
pumped through common header and 
vacuum system, thus keeping the water 
level several feet below ground surface. 
Corrosion attacked the well-points. 

The copper screens completely disin- 
tegrated short time. The solution 
was use 6-inch asbestos-cement 
pipe 20-feet length, set graded 
filter bed the same depth 
tion the original copper well-point. 
This pipe, closed the bottom end, ex- 
cept for numerous longitudinal 1/16-inch 
cuts through the tube allowed water 
collect the ground water level. This 
water was then pulled down con- 
stant level 13-inch vacuum 
one-inch plastic tube loosely set in- 
side the transite pipe. The well-points 
are thus kept operation use the 
plastic modification. 

The subsidence has indirectly im- 
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Figure 2—Sectionalized concrete pipe for circulating water Long 
Beach Steam Station, Cal. 


Solving Corrosion— 
(Continued From Page 95) 


proved the quality the ocean water 
circulated through the condensers al- 
though elimination sewage contami- 
nation also markedly improved this sit- 
uation. Marine life has returned, con- 


Figure 3—Concrete encasement tower 
footings. 


Figure 4—Close-up view 4-year corrosion 
aluminum chain link fence ocean front 
exposure. 


taminated circulating water has been 
eliminated and condenser tube life now 
the order 80,000 service hours 
with end sight. 

Sometimes has proved more eco- 
nomical bring pipe above ground and 
run saddles where frequent inspec- 
tion and maintenance can given. 
However, one ground corrosion prob- 
lem that cannot solved that man- 
ner that involving transmission tower 
footings. 


Corrosion Tower Footings 


Old transmission lines have shown 
some corrosion the steel tower foot- 
ings below ground. number repair 
methods have been tried and proved in- 
effective, such hot cold applied or- 
ganic coatings, zinc and magnesium 
anode rods and thin encasement with 
concrete. These methods add few 
years’ life but require renewal and re- 
peated attention. The method proven 
most economical and permanent has 
been massive concrete encasement, 
shown Figure 

This, when applied the old all-steel 
footings, consists encasing the steel 
and using reinforcement wide 
concrete block. For existing concrete 
footings where steel from ground line 
concrete base had been exposed 
foot more the soil, the method 
concrete, about inches diameter, 
extending from the old footing four 
inches above ground. Wire mesh used 
prevent concrete cracking. Cost 
these repairs averages about $19 per 
footing, and many thousands have been 
repaired. all new lines the standard 
procedure extend the concrete 
footing above ground. 


Corrosion Galvanized Fence 


Standard galvanized chain-link type 
fence satisfactory for inland property 
and mountain areas, but along the sea- 
coast, within quarter mile the 
ocean, has extremely limited life. 
four years the characteristic rust- 
staining galvanized wire begins when 
approximately per cent the zinc 
has corroded away. few more years 
the entire fence must regalvanized 
allowed continue unsightly until 
mechanical failure requires replacement. 

Painting has not been successful and 
final recourse tide water sta- 
tions, aluminum wire fence being 
used. This aluminum alloy No. 5052- 


Figure 5—Exposed steel ocean front steam station Redondo 


Beach, Cal. 


Figure 6—Filling bolt caps with polysulfide 
prevent corrosion. 


H38 with wire diameter 0.148-in and 
costs about running foot. This 
more than twice the cost galvanized 
fence, but extended service life 
expected justify the extra cost. After 
four years’ service corrosion products 
appear build and the wire shows 
some piting underneath. (See Figure 4.) 
The calculated corrosion loss such 
reduce the wire diameter 0.5 mil per 
year, grease coating the wire, such 
used stranded high voltage alu- 
minum conductors, 
creases the life the wire, but might 
bring other complications where used 
fence. 


Structural Steel Corrosion 


The present trend 
construction the outdoor type with 
most the structural steel exposed. Al- 
though this results increased cost 
preventing corrosion, especially ocean 
front locations, considerable money 
saved wall structure. 

The corrosion rate for unprotected 
steel the Segundo and Redondo 
Steam Station sites (shown Figure 
has been set 1.2 milligrams per 
square inch per day, which ten times 
the rate locations miles inland. 

During the erection steam sta- 
tion, some rust develops the exposed 
steel. After the final painting, early cor- 
rosion noticed along edges, corners, 
plate contacts and bolt threads. Attain- 
ment the desired mils minimum 
and coatings alkyds, vinyls, polychlo- 
roprene, epoxy, polysulfide, coal tar and 
emulsions have met with varying 
cess. One method recently developed 
for the protection nuts and bolt heads 
has been the capping with polysulfides, 
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TECHNICAL TOPICS 


View showing Roskote Mastic being applied mechani- 
cally portion Oklahoma Pipeline Constructors, 
Ltd. spread. Following minor modifications the hot 
dope machine shown, 8-man dope crew averaged 
10,000 12,000 feet per day. Only one supply 
kettle was necessary, Roskote applied cold. 


Roskote Applied Cold with Line Travel 
Equipment Trans-Canada Inch 


Over rough terrain, with right way that crossed 
solid granite, muskeg, swamp and glacial till, and 
working under adverse weather conditions, the world’s 
longest and most difficult pipeline construction 
Trans-Canada Pipe Lines, has been completed. 

One contributing factor the success this con- 
struction was the adaptation standard line travel 
dope machines for the easy application Roskote cold 


Trans-Canada who applied Roskote line travel 
equipment: 

Morrison-Shivers, Ltd., Majestic Contractors, Ltd., 

Rivers Construction, Ltd., Dutton-Williams Brothers, Ltd. 

and Oklahoma Pipeline Constructors, Ltd. 


ROYSTON LABORATORIES, Inc. 
Blawnox, Pittsburgh 38, Pa. 


LEADER THE FIELD INDUSTRIAL 
COATINGS FOR CORROSION CONTROL 


PHILADELPHIA SANDIEGO TULSA 


mastic. This combination Roskote Mastic and modi- 
fied line travel machines made possible the coating 
ten twelve thousand feet per day 30-inch piping 
the downstream side the compressor stations. 

Contractors* were able carry the coating 
operation with 8-man dope crew, using only one 
supply kettle, requiring heating fuel and thereby 
eliminating toxic fumes and fire hazard. 


C-6 

ROYSTON LABORATORIES, Inc. 

Pittsburgh 38, Pa. 


Please send me complete information about the economics and appli- 
cation of cold-applied Roskote Mastic with line travel equipment. 


Address................... 
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new, 
for ACID PICKL 


ucing chemica 


AMCHEM reduces heating requirements 70%, 
improves working conditions 


BEFORE SERSEAL, steam vapors and fumes 
escape from the bath, making working condi- 
tions unpleasant, lowering morale. 


Put these important 


SERSEAL LAYER 


ACID PLUS 
SERSEAL 
ACTIVATOR 


Write today for complete information about this 
important new cost-reducing, work-saving chemical blanket 
for acid pickling baths! Address Ambler 50, Pa. 


Save 70% heating costs. 


working conditions both from 
comfort and health standpoint. Steam, 
heat, fumes and vapors are contained 
within the bath. 


Cut warmup time. The blanket 
vents heat loss. 


Less corrosion surrounding equipment. 
Corrosive fumes are retained the bath. 


SERSEAL HAS BLANKETED THE BATH just 
seconds. All steam, corrosive fumes and vapors 
are contained within bath. 


Serseal advantages work for 


Reduce the cost for heating elements. 


Less exhaust equipment required. Since 
the bath sealed, there little escape 
fumes and vapors. And many 
cases, ventilating systems can safely 
eliminated. 


Now proving its economy, efficiency and 
overall satisfaction many customer 
plants. 


applied for 


Amchem Serseal another chemical development Amchem Products, Inc. (Formerly American Chemical Paint Co.) AMBLER 32, 


Detroit, Mich. St. Joseph, Mo. Niles, Calif 


Windsor, Ont. Amchem registered trademark Amchem Products, Inc. 
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Abstract 


Corrosion problems in the production 
and storage of nitric acid and am- 
monium nitrate are discussed. Because 
of difference in solution potential among 
aluminum plates the same nominal 
composition, some consideration is being 
storage tank use in 70 percent nitric 


acid. 

histories include: Solution 
corrosion problem resulting 
perature differential tube sheet; 
decision to fabricate with longer radii to 
avoid stress cracking of plates; stress 
cracking resulting from designs in which 
tube sheets meet Tubular Exchanger 
Manufacturers’ Association specifica- 
tions; failures from chloride containing 
water and zones sensitized from heating 
with a torch during fabrication; substitu- 
tion of another analysis of aluminum for 
tank bottom which failed repeatedly 
at the same place from what was ap- 
parently a galvanic cell; and a report on 
failure result mercury contamina- 
tion. 8.8.1 


uct the reaction between am- 


monia and nitric acid, normally 
stored stainless aluminum tanks. 
cent solutions. these the percent 
gives little trouble, partly because its 
crystallization temperature high 
that rarely stored any greater 
quantity than necessary and partly 
because its temperature requires the use 
stainless, which substantially inert 
the other hand, percent 
solutions give considerable trouble. They 
frequently are stored aluminum tanks. 
There seems wide variation 
the experience with tanks this ma- 
terial. 


Some consideration has been given 
testing each plate that goes into tanks 
for this service determine they will 
develop differences potential when 
immersed violent reagent such 
percent nitric acid, Until the stability 
aluminum for this service can 
forecast, may necessary use 


Metals most frequently used the 
nitric acid and ammonium nitrate in- 
dustries are Type 430 stainless steel 
(over percent chromium and low car- 
bon) Type 304 (either the low 
carbon range stabilized with colum- 
bium titanium). Because most the 
metals used the author’s company 
come from Europe, where low carbons 
are not made, 304 usually replaced 
Type 321. This satisfactory, but occa- 
sionally some must discarded because 
they not pass the necessary corro- 
sion tests (ASTM-A-262-55T). The 
Type 430 used essentially the same 
that made the United States and 
tions. 


Most the acid made and used 
the percent range, but more 
corrosion results from condensates 
about percent concentration which 
permitted collect and then re-evaporate. 


Case Histories Corrosion Problems 


tube sheet with the top half cool 
and the bottom half heated approxi- 
mately 900 that acid condenses 
the top sector and runs down the 
bottom, has corrosion zone the area 


revision the paper titled 
Problems in Nitric Acid and Ammonium 
Nitrate Industries” by D. M. Carr, The 
Chemical and Industrial Corp., Cincinnati, 
pr sented at a meeting of North Central Re- 
gin, National Association of Corrosion En- 

eers, Cincinnati, October 15-17, 1958. 


TECHNICAL TOPICS 


Figure 1—Corrosion the bottom 5052 alloy tank that failed six times one year. The corrosion de- 

veloped groove adjacent but not the weld metal. The bottom was replaced with Type 3003 allo 

with no failures during nine months of —— a —_ cycles that produced the repeated failures wit 
the alloy. 


Five Case Histories 
Corrosion Problems 


Nitric Acid and Ammonium Nitrate 


Production and 


where the temperature the metal 
above the boiling point acid. Both 
430 and 321 have been used with the 
same results. This has been corrected 
tube sheet front the cool half 
keep warm. The false tube sheet may 
made 304L, 321 347 since they 
not need heat treatment. The stub 
tubes the false tube sheet support it, 
and the spacing between and the main 
tube sheet about inch. The corro- 
sion problem solved keeping the 
metal above the dew point (about 250 F), 
that condensation prevented, 


Cracking from repeated heating and 
cooling another major problem. Sev- 
eral curved plates operating the 800 
1000 zone usually crack fabri- 
cated with short bends. most cases 
the cracks are near the welds. Some 
cracks apparently start well out the 
metal, through the weld, follow along 
the other side and then 
through the weld. This sort dam- 
age has been eliminated using long 
radii inches) all bends and 
carefully avoiding restraints such 
reinforcing pads attachments near 
the bends. 


Tube sheets that operate near the 
1000 metal temperature give consid- 
erable trouble because, when made 
thick the Tubular Exchanger Manu- 
facturers’ Association requires, they 
tend crack from heat stresses. the 
other hand, when the tube sheet made 
thinner, the thrust the tubes creates 
stresses that cause cracks near the 
periphery the sheets. 
which worries many but which usually 
accepted because will work, 
compromise thickness between the 
TEMA specification and 
table peripheral cracks. This about 
inch thick tube sheet inches 
diameter. 


Tube sheets return bend heat ex- 
changers give trouble because inter- 
nal stresses set when one half 
the 100 zone while the other half 


the 900 zone tries expand. The 
gasket problem becomes extremely crit- 
ical these instances. Ring gaskets 
originally used bent all directions 
with sections off-set much inch 
from their original form, sometimes 
the most unexpected directions, Flexi- 
tallic gaskets (spiral wound, alternate 
strips stainless steel and asbestos) 
have solved this problem, and the false 
tube sheet tends equalize the tem- 
perature and thereby equalize expansion 
and eliminate part internal stresses. 

stainless heat exchanger tube may 
corrode from the inside where 
contact with water while the outside 
warm nitric acid bath not affected. 
This water corrosion, which often starts 
under scale particles, has occurred 
about three cases. one case involving 
Type 430, the chloride content the 
water was the ppm range. 

another plant where the water was 
unknown quality but generally called 
bad, 430 tubes corroded severely. 
this case, tubes Type 300 series 
held better than the 430, was re- 
ported. Several tubes this unit obvi- 
ously had been heated with torch 
they could bent into their proper 
positions. these heat affected zones, 
clearly delineated the color the 
metal, the tubes corroded through from 
the nitric acid side. 

The bottom 5052 alloy, 30-foot 
deep tank failed six times one year, 
almost the maximum permitted between 
cleanouts and repairs. The failures were 
alike and localized two plates. They 
developed groove adjacent but 
not the weld metal, shown Fig- 
ure 

first, galvanic action was suspected 
because the steam heating coils were 
made Type 304. These coils then 
were insulated carefully from the body 
the tank (with resistance reading 
least 500,000 ohms), but after six 
weeks there were new holes the bot- 
tom almost the same locations. The 


(Continued Page 100) 


| ; 
= 
i 
| 
4 


100 ASSOCIATION CORROSION ENGINEERS 


Methods 


Testing Characteristics 


Polyethylene Jackets for Steel 


Abstract 


Pilot plant tests are described on a new 
adhesive used with a high density poly- 
ethylene as an outer jacket on steel pipe. 
Tests discussed are salt-crock, salt spray, 
penetration and thermal shock for under- 
film migration and coating damage. 2.3.7 


ITS search for materials and meth- 

ods obtain greater adhesion be- 
tween steel pipe and plastic coatings, 
one company made minor changes 
adhesive which the company had been 
using for another purpose. This hot melt 
pressure-sensitive adhesive 
pilot plant operation. 

The new adhesive was used with 
high density polyethylene outer 
jacket the pipe. High density poly- 
ethylene tougher and has harder 
surface than low density polyethylene 
well higher tensile strength and 
heat resistance. 


After having been cleaned grit and 
shotblast, the pipe passes through 
adhesive applicator before extrusion 
the new high density polyethylene 
jacket. This jacket was used yellow 
color that the heat summer sun 
would reflected rather than absorbed 
would the case with black coat- 
ings. This reduces pipe temperatures 
summer months. Because thermoplastic 
materials are softened heat, this 
means that the yellow coating con- 
siderably tougher ambient tempera- 
tures than black coating. 

Tests are made follows: 


salt-crock test used determine 
the coating’s resistance underfilm 
migration and check insulation re- 
sistance after continuous immersion. 
This test conducted after holidays are 
made the coating expose bare pipe. 
Samples are tested both the anode 
and the cathode. After various pe- 
riods time, samples are removed and 
the coating stripped back visually 
check the ability the undercoating 
material prevent underfilm migration. 

small holes damaged areas 
the coating, the elastic adhesive mate- 
rial will squeeze through the coating 
and seal the hole. Pipe drilled with small 
holes through the coating has been 
test over six months with change 
current drain. 


Salt spray tests which consist 
standard cabinet maintained are 
made specimens intentially damaged 
cutting long slits through the coat- 
ing the metal. Observations are made 
weekly. similar test immersed sam- 
ples made determine the ability 
the adhesive prevent underfilm mi- 
gration. 


% Extracted from a paper titled ‘‘Plastic Pipe 
and Plastic Coated Steel Pipe” by H. M. 
McDaniel, Republic Steel Corp., Cleveland, 
Ohio, presented meeting the North 
Central Region, National Association of 
Corrosion Engineers, Cincinnati, October 15- 
17, 1958. The paper was also presented at 
a meeting of the Florida-Georgia Gas Asso- 
ciation, Orlando, Florida, October 25, 1958. 


Penetration tests are made using 
blunt rod with effective load 
200 psi. measurable penetration 
after four months room temperature 
has been seen. 

thermal shock test consists im- 
mersing sample water for eight 
hours 110 and then subjecting 
refrigeration for hours —10 
Samples are normally tested through 
thirty cycles, then the coating ex- 
amined for damage caused tempera- 
ture changes. The ends are examined 
for signs underfilm corrosion, Simu- 
lated sunlight tests are run measure 
ability the coating stand sun- 
light. 

Samples tested soil stress box for 
over eight months regular cycling 
basis show distortion. 


Kinney, Inc., Cincinnati, Ohio: 
What the effect aromatics this 
coating? 


The polyethylene jackets would not 
recommended for continuous immersion 
aromatics. Such materials may cause 
swelling the polyethylene. 


Corrosion Keeps Knife Sharp 
Fruit Canning Machine* 


pear preparing machine keeps 
usable cutting edge the blade. 
Made ordinary 1095 spring steel 
hardened and drawn about 
Rockwell the cutter has use- 
ful operation life about hours 
which time will peel approxi- 
mately 240,000 pears. 


the end its operational 
life, the blade will about eight 
its original thickness, But the 
blade will still sharp 
when first installed. 


Corrosion the blade, though 
eventually causing replacement, 
maintains cutting 
edge throughout the blade’s serv- 
ice life. blade made stainless 
steel will not maintain its edge 
this manner. 

Experiments are being conduct- 
with alloys which will corrode 
fast enough keep the blade 
sharp but which will have lower 
corrosion rate than the 1095 spring 
steel, thus giving longer service 
life the blade. 


% Extracted from a paper titled ‘‘Cor- 
rosion as it Affects Design in Food 
Processing Equipment” by S. H. 
Creed, Food Machinery and Chemi- 
cal Corp., San Jose, Cal., presented 
meeting the Western Region, 
National Association of Corrosion 
Engineers, November 17-20, 1958, Los 
Angeles, 


Nitric Acid— 


(Continued From Page 


bottom failed again the same 
tion after the coils were removed from 
the tank. 

After the bottom was removed and 
replaced with Type 3003 there 
have been failures during about nine 
months operation substantially the 
same cycles that produced the repeated 
failures. 

Reading taken five points the 
bottom the tank showed that 
time did the temperature get above 200 
nor the below 5.8. The only 
sonable diagnosis that there was 
enough difference solution potential 
among the plates the 5052 alloy, 
which contains approximately per- 
cent magnesium, create galvanic cells 
the bottom the tank. all the 
metal was within 
specifications, large potential 
difference among plates when 
they were immersed percent nitric 
acid. Undissolved photo- 
micrographs appeared quite differently 
the stable material from that the 
material which failed. Apparently there 
was sufficient difference the range 
minor constituent the metal cause 
destructive potential. 


Nitrate Storage Problems 

inquiry into industry’s experience 
with percent nitrate storage revealed 
generally satisfactory service from 3003 
5052 aluminum although one plant 
reported damage from mercury and an- 
other had some unexplained holes de- 
velop the heads tank. How the 
mercury got into the metal unknown. 
This major problem because even 
one molecule mercury will give trou- 
ble. While various sources contami- 
nation have been suggested, including 
crop dusting insect spray, there 
generally accepted answer because 
each case different. 

Available evidence seems indicate 
that the best tank for percent nitrate 
one with bottom the purest alu- 
minum practical, probably 3003 with 
sides 5052 because its superior 
tensile strength. Several tanks these 
metals have given satisfactory service 
over period years. 

Aluminum tanks are suitable for am- 
moniated ammonium 
For some these solutions, stainless 
has corroded badly because the solu- 
tion’s high pH. 

Aluminum tanks rarely hold 
ammonium nitrate when the tempera- 
ture the solution 200 above, 
doubtless because acidic decomposi- 
tion the ammonium nitrate. 


Technical Topics 
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Elastomers for Underground 


Mechanism Stress Corrosion 
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Saran Lined Pipe and valves carry hot Fluorides... 
provide dependable corrosion resistance for Alcan 


When pipe must carry constant flow extremely corrosive 
mixed fluorides solution when must operate dependably 
hours day, seven days week that’s when Saran Lined 
Pipe specified experienced corrosion engineers. 

the world’s largest aluminum smelter, Arvida, Quebec, 
engineers the Aluminum Company Canada, Ltd. 
(ALCAN), have specified the use Saran Lined Pipe 
handle the flow mixed hydrogen fluoride and sodium flu- 


Oride solution 100° 


this operation, 2000 feet Saran Lined Pipe and many 
Saran lined valves are used. Most the pipe outdoors, 


resting brackets. Because the high physical strength 
Saran Lined Pipe, damage results from changing tempera- 


THE DOW CHEMICAL COMPANY MIDLAND, MICHIGAN 


tures, from the often-great temperature differential between 
the pipe’s contents and the outside air. Alcan’s engineers 
specified Saran Lined Pipe for this installation because 
previous highly successful experience with similar instal- 
lations Alcan’s five other smelters. 


Whenever dependable piping system required, whatever 
the degree corrosion chemical activity, consider Saran 
Lined Pipe. Saran Lined Pipe, fittings, valves and pumps are 
available for systems operating from vacuum 300 psi, from 
below zero 200°F. They can cut, fitted and modified 


easily the field without special equipment. For more in- 
formation, write Saran Lined Pipe Company, 2415 Burdette 
Avenue, Ferndale, Michigan, Dept. 2284AU6. 
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construction. 

When coatings are used 
protect the structure, design for cor- 
rosion prevention means 
tion areas which are rough, square 
shapes angles where cylindrical 
ones would provide the same strength. 
means welding place riveting, 
continuous welds place 
welds, machine welds 
ble, rounded corners, fillets and gen- 
eral structure which smooth, flow- 
ing and streamlined. 

example the use design 
help solve the corrosion problem the 
offshore drilling platforms. 
nal structures were steel shapes such 
I-beams, angles, channels, etc. Re- 
cently, welded pipe has been used, 
thus taking advantage the cylindri- 
cal surface eliminate edges, corners, 
angles, and other areas difficult pro- 
tect. This realization that corrosion 
prevention can start with the correct 
design important step forward. 
Marine atmospheres, chemical plant 
fumes, corrosive conditions existing 
rayon plants, refinery atmospheres, 
coke plants and other similar corrosion 
producing conditions first attack the 
areas these plants 
where design for corrosion resistance 
has not been taken into consideration. 


Protection Helped Design 


Several construction situations are 
given below which proper design 
would help coatings protecting the 
structures against corrosion, exist- 
ing structures the danger spots where 
corrosion can occur should 
nized plant superintendents and en- 
gineers and should given extra care 
during the application coatings. 
these danger spots are recognized, good 
can obtained; they are 
overlooked, little protection will 
achieved the application even 


cult coat because coatings tend 
pull away from point sharp edge 
due surface tension, Corrosion 
anodic areas thus form edges first. 
difficult area reach with spray 
brush, such the interior square 
angle, cause coating problems. many 
cases where surface contamination re- 
mains, the high tensile strength plastic 
coatings after drying tend bridge the 
inside angle, causing air 
tween the coating and the metal. 
coating, spray patterns should 
pointed directly toward the edge and 
directly into the interior angle 
build excess the edge and 
make sure that adequate amount 
coating will reach the interior the 
angle. 


Sharp edges square-cut steel 
should eliminated wherever possible. 
Coating materials tend thinner 
edges than planer since 
coatings tend run from edge. 
the painter brushes away from the 
edge, the coating brushed off, leav- 
ing thin area vulnerable corrosion. 
The coating should brushed toward 
edge, thus dragging the coating over 
the edge. Spraying directly edge 
will cover and build 
ing. This important because mois- 
ture and condensation tend accumu- 
late and run toward the edge 
angle, I-beam similar structures. Any 
chemical dusts fumes will dissolve 
this moisture and accumulate the 
edge, thus aggravating corrosion this 
point. Edges should double coated 
possible. 


The design specifications should 
stipulate complete removal mill scale 
prior the application any coating. 
Though not design problem such, 
mill scale oxide scale the exterior 
steel plate, steel shapes pipe which 
have been hot rolled can cause steel 
pit rapidly because mill scale cathodic 
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swell slightly and pop off loosen 
from the steel surface. When hap- 
and again the steel goes into solution 
design before coating application. Coat- reaction take place between mill ices 
problems from lap welds and skip weld- scale is removed, the coating breaks be- of th 
ate such condition, and soon the 10. 
break formed, rapid corrosion occurs, tank: 
There are three standard rivet brell 
forms—each with its own problem when 
coatings are required. The countersunk 
Industrial Coatin Performance rivet the easiest coat because 
level with the bare steel 
only small line around the rivet’s edge 
which requires filling with 
Round and cone shaped rivets may 
mprove esign side. This crevice difficult coat 
properly and will form focal point for 
corrosion will the tip the cone 
All rivets and overlapping steel plates the 
KEY the life and effective- Structural steel angles are always Unless thoroughly caulked, this ber 
ness coated structure under problem when coating containing air, moisture chem- 
corrosive conditions are its design The outside the angle diffi- solution difficult coat properly 


and will focal point for corrosion. 


Although welded joint prefer- 
able bolted riveted joint from 
corrosion design standpoint, welded 
areas present special coating problems. 
Coatings flow away from weld splatter, 
producing thinly coated areas and form- 
ing potential anodes. Weld splatter 
should removed carefully where cor- 
rosion resistance required. 

Rough welding another problem. 
Rough welds should ground smooth. 
Weld flux often left along the side 
weld and difficult remove. Be- 
cause strongly alkaline hydro- 
scopic material that absorbs moisture, 
weld flux will create spot where early 
coating failure can expected. 


All unnecessary scaffolding brack- 
ets and other construction aids should 
removed from steel Brack- 
ets, hold-downs and other fabricating 
aids remaining steel structures after 
construction completed often are cut 
from the surface with acetylene torches 
merely broken off with hammer, 
leaving rough spot the surface. 
Such areas must smoothed for proper 
coating. 

Skip welding should not used 
structures corrosive atmosphere. 
Skip welding creates crevices which are 
impossible fill cover with coat- 
ing. Continuous welds should made 
all joints. 


that are lap welded should 
and outside. the lapped plates are 
welded the outside only, crevice 
created the inside lap into which 
moisture, corrosive gases corrosive 
liquids can accumulate. This crevice 
difficult coat properly. Even old 
equipment, all joints should welded 
continuously coating give best 
results. 


the best coating. 

the steel. Though overcoating helps When steel trusses made 

esign and Corrosion Design Corrosion” under corrosive conditions, this back back are used con 

ture will pass through the coating and the washer spacing cannot be coate tl 

ber 15-17, into black iron oxide, causing the oxide (Continued Page 103) 
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effectively. Corrosive fumes penetrate 
this crevice causing severe corrosion. 
corrosive fumes are problem, trusses 
should designed eliminate all crev- 
ices between steel members. For exist- 
ing trusses, the only practical answer 
apply bead mastic each side 
the crevice which can overcoated 
with plastic coating. 


10. the construction storage 
tanks which have cone roofs um- 
brella type roofs, there usually cen- 
ter pole with I-beam rafters extending 
out the edge the tank. The steel 
plate roof laid directly top these 
Often the steel plate roof 
lapped and welded only the exterior, 
leaving deep crevice between the two 
lapped pieces the inside. 

Two focal points are formed where 
severe corrosion the roof and the 
I-beam rafter can occur: 

Steel roof plates are not welded ordi- 
narily the rafter, consequently there 
area between the roof plate and 
the rafter which unprotected. 
coating used, the roof should 
raised wedges and this area coated 
properly. possible, rubber plastic 
cushion should applied between the 
steel rafter and the roof prevent 
abrasion between the two caused 
roof movement. 

The crevice between the lapped roof 
plates, the second focal point, provides 
for corrosive solution. this 
type construction necessary, the 
roof plates should butt welded 
welded each side the lap that 
continuous coating can applied. 

Piping should used instead 
I-beams H-beams where cylindrical 
cross-section structurally sound. The 
amount exposed surface area less, 
and there are edges crevices 
form potential areas corrosion. Care 
must taken also coating pipe; the 
application coating longitudinal 
with the pipe, and many holidays are 
formed because the coating not over- 
lapped sufficiently during the coating 
process, The coating should applied 
from least four positions, and six po- 
sitions are recommended make cer- 
tain that the coating fully overlapped. 
Field experience has shown that pipe 
coating failures generally occur lon- 
gitudinal pattern lengthwise the pipe. 

Pipe flanges, threaded joints and pipe 
hangers also are focal points corro- 
sion because crevices are formed 
threaded couplings which allow the pen- 
etration moisture and subsequent cor- 
rosion. Severe corrosion occurs pipe 
hanger locations because the hanger ring 
usually does not fit snug enough pre- 
vent crevice. 


Summary 


Where corrosion problem, the de- 
sign and construction any structure 
should such that many difficult- 
to-coat areas possible are eliminated. 
existing buildings and equipment, 
these difficult areas should given 
extra care during coating. 

structure which designed with 
corrosion control mind, eliminating 
all possible sharp edges, corners, crev- 
ices, rough welds and similar areas will 
operate longer, more effectively and 
more economically than one which 
constructed the ordinary way and 
then painted and repainted short in- 
tervals for protection from corrosion. 
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Paint applied its maximum film thick- Same paint applied the DeVilbiss Hot- 
ness the usual spray method (cold) Spray method provides much heavier cover- 
looks like this front spotlight. Note age, shown the glass panel 


the right. 


Demonstration glass 
proves DeVilbiss Hot Spray 
cuts finishing costs 


Now, using DeVilbiss Paint Heater, one coat sprayed hot gen- 
erally covers better than two more cold-sprayed coats! More 
paint reaches surface and stays there. Thinning paint with heat 
permits applications higher solid-content material for heavier 
coats and greatly reduces overspray. 


This superior finishing method saves 50% material and 
labor costs; may used all types products—from autos, 
furniture, and appliances military tanks. For facts how 
much the DeVilbiss Paint Heater can save you, call your 
DeVilbiss supplier! The DeVilbiss Company, Toledo Ohio. 


DeVilbiss Hot-Spray system foolproof; 
adapts multiple gun hook-ups. Hot 
water from master heater (1) heats paint 
exchanger (2); heat-jacketed hose as- 
semblies (3) keep paint hot right 
the guns, assuring uniform viscosity 
all times each gun. 


DEVILBISS HELPS YOU GET THE MOST FROM THE SPRAY METHOD 
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3.2 Forms 


3.2.2, 3.4.8 

The Development Hydrogen Em- 
brittlement Steels Aqueous Hydro- 
gen Sulfide Solutions. Balezin and 
Nikol’skii. Applied Chem., USSR 
(Zhur. Priklad. Khim.)., 31, No. 1181- 
1184 (1958). 

Embrittlement studied hydrogen 
sulfide and sodium monosulfide solutions, 
and proposed that sulfur re- 
duces slowing 
down recombination and 
thus leaving enough hydrogen atoms 
the surface the metal for diffusion. 
tables, 16438 


3.2.2, 3.5.8, 8.9.5 

Fowden, Jr. U.S.N. Am. Soc. Naval 
Engrs., 70, No. 349-353 (1958) May. 

Reports occurrence fatigue cracks 
number World War U.S. de- 
stroyers and shows some causes 
these cracks. Naval Ship Repair 
Facilities, Subic Bay, most hull 
cracks were found occur 
plates around machinery spaces. Other 
cracks occurred tank bulkhead plat- 
ing and stiffeners, webs flanges 
frames, brackets and other internal 
structures. Fatigue type failures were 
prevalent. Among repairs made hull 
cracks were some stress corrosion 
type; specimens are shown. Slight 
changes design and welding are sug- 
gested 16019 


3.2.2, 6.4.2 

Intergranular Corrosion Alumi- 
num-Uranium and Aluminum-Silicon- 
Uranium Alloys. Bowen and 
Dillon. General Electric Co., Han- 


ford Atomic Products Operation. 


Atomic Energy Pubn., 
HW-55352, March 14, 1958. pp. 
Available from Office Technical 


Services, Washington, 
Aluminum-uranium 
silicon uranium alloys were tested 
determine their short term resistance 
intergranular corrosion 350 water. 
One-day tests were performed both 
bare material and cores canned 
jackets. The 
alloys were tested both the as-cast 
and wrought condition. None the 
clad alloys showed any distortion when 
the defect the jacket was small 
diameter). All aluminum-silicon alloys 
tested showed good resistance inter- 
granular attack all tests; however, 
silicon alloys present separation prob- 
lems. Cast aluminum alloys with ura- 
nium concentrations wt% more 
showed resistance comparable 
aluminum-silicon alloys. (auth)—NSA. 
15935 
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from among those supplied sub- 
scribers the NACE Abstract Punch 


Card Service. Persons who are in- 
terested reviewing all available 
abstracts should write NACE for 
information this service. 


ALL—The Abstract Bulletin, Aluminum Lab- 
oratories, Ltd., Box 84, Kingston, 
Ontario, Canada. 

ATS—Associated Technical Services Ab- 
stracts, Associated Technical Services, 
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American Water Works 
Association, Amer. Water Works Assoc., 
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BL—Current Technical Literature, Bell Tele- 
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Cientifica Tecnica, Plaza Ciu- 
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3.2.2, 3.5.8, 3.4.8 

Special Steels Resistant Stress 
Corrosion Hydrogen Sulfide. Bas- 
tien, Veron and Roques. Paper 
before Societé Francaise Métallurgie, 
Paris, October 11, 1957. Rev. Met., 55, 
No. 301-312; 313-317 (1958) April. 

Review principles embrittle- 
ment steels. Description given 
investigations chromium-molybde- 
num-vanadium steels. Results tests 
hydrogen embrittlement and cor- 
rosion under stress showed influence 
cold working, composition and me- 
chanical properties the steel. Steels 
used tests include stainless steels and 
9.15 nickel steel. Influence chro- 
mium content corrosion resistance 
stainless steels was studied from 
point view susceptibility hydro- 
gen and scale mechanical proper- 
ties which steels show greatest re- 
sistance hydrogen was developed. 
was found that nickel steel behaves 
very badly and that impossible 
tailed study the possibility indus- 


trial heat-treatment was carried out. 
Graphs, photomicrographs, 
INCO. 16039 


3.4 Chemical Effects 


3.4.3, 2.3.6, 6.4.2 

High Temperature Aqueous Corrosion 
Product Films Aluminum. 
Troutner. General Electric Co., Hanford 
Atomic Products Operation. Atomic 
Energy Commission Pubn., HW-53389, 
Nov. 15, 1957, pp. Available from Of- 
fice Technical Services, Washington, 

The corrosion product films formed 
aluminum alloys 1245 and X8001 water 
310 were examined x-ray dif- 
fraction and electron 
miscroscopy. technique was developed 
for replicating the inner surface (the sur- 
face adjacent the base metal) the 
corrosion product films for electron mi- 
croscope examination. Many optical and 
electron micrographs and stereographs 
the inner and outer corrosion product 
surfaces are presented. Several conclu- 
sions are reached with regard the 
structure the corrosion product film 
and their relationship the corrosion 
processes. (auth) —NSA. 16393 


3.4.3, 8.4.5 

Factors Which Affect Formation and 
Deposition Transport Corrosion Prod- 
ucts High-Temperature Recirculating 
Water Loops. Wohlberg and 
Kleimoia. Argonne National Lab. 
Atomic Energy Commission Pubn., 
ANL-5195 (Rev.), Dec., 1953 (Declassi- 
fied Feb. 1957), pp. Available from 
Office Technical Services, Washing- 

Deposits corrosion products form 
heat transfer surfaces and radiation 
flux zone temperatures around 500 
stainless steel systems operating with 
circulating water. The report considers 
the possible harmful effects such de- 
posits heat transfer and fluid flow, 
well factors involved the origin 
these corrosion products and the mech- 
anisms deposition. The prevention 
deposition chemical, mechanical and 
electro-static methods discussed. (auth) 


—NSA. 16153 


3.4.3, 4.7, 6.2.2, 6.2.5 
Corrosion Products Formed the Re- 
action Between Fused Sodium Hydrox- 
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ide and Iron-Rich Alloys Iron, Chrom- 
ium and Nickel. Smith and 
Hoffman. Oak Ridge National Lab. 
Atomic Energy Commission Pubn., 
ORNL-2156, May 14, 1957, pp. Avail- 
able from Office Technical Services, 
Washington, 

study was made the microstruc- 
tures corrosion-product layers formed 
the action fused sodium hydroxide 
815 types 304 and 347 stainless 
steel and four high-purity iron-chrom- 
ium-nickel alloys with nominal compo- 
sitions 80% iron-20% chromium, 80% 
iron-10% chrominum-10% nickel, 74% 
iron-18% chromium-8% nickel and 60% 
iron-20% chromium-20% nickel. Each 
corrosion-product layer was found con- 
sist nonmetallic network threading 
through metallic matrix and resemble 
similar layers formed the action 
hydroxide melts Inconel. (auth) 
NSA. 16280 


3.4.8, 8.4.3 

Hydrogen Attack Steel Reformer 
Service. Ciuffreda and Warren 
Rowland. Proc. Petroleum Inst., 37, 
116-128 (1957). 

Case history which three internally 
insulated carbon-steel catalytic reactors 
suffered permanent damage hydrogen 
over one year. Attack varied severity 
and location, depending upon metal tem- 
16150 


3.4.8, 8.4.3, 3.5.9 

High Temperature Hydrogen Sulphide 
Corrosion Commercial Sovaformer 
nology, 13-16, (1958) Jan. 

Hydrogen sulfide corrosion presents 
problem the platinum catalyst reform- 
ing which used produce the high- 
octane motor fuel. This corrosion can 
minimized the reduction the hydro- 
gen sulfide the process stream, the use 
chromium-nickel austenitic steels, and 
the protection metals aluminizing. 
reterences, —MR. 16766 


3.4.8, 6.2.2, 3.7.2 

Sulphur Corrosion Cast Iron. Yo. 
Serita. Japan Foundrymen’s Soc., 30, 
88-95 (1958) Feb. (In Japanese.) 

Specimens pure iron, iron-carbon 
alloy and iron-carbon with third ele- 
ment (chromium, manganese, aluminum 
vanadium) were heated with pure sul- 
fur silica tube. Ferrite was corroded 
easily but cementite had good resistance. 
Specimens with added third element 
showed good resistance corrosion ex- 
cept for manganese. —MR. 16630 


3.5 Physical and Mechanical 
Effects 


The Effects Porosity Mild-Steel 
Welds. Green, Hamad and 
McCauley. Paper before Am. 
Welding Soc., Annual Spring Mtg., St. 
Louis, April 14-18, 1958. Welding J., 37, 
No. 206s-209s (1958) 

Reports study effects porosity 
mechanical properties mild-steel welds. 
Tensile, bending and impact tests were 
made. Butt welds were made 
AISI 1020 steel with welding processes 
adjusted produce porosity. Test cou- 
pons were evaluated size amount, 
shape, location and distribution poros- 
ity. Results tensile, bending and im- 
pact tests show that cross section 
welds could reduced porosity 
about without materially changing 
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mechanical properties measured. Mogt 
important factor was size amount 
porosity. 16475 


3.5.8, 6.2.5, 4.3.6 

Austenitic 
Alloys Resistant Stress Corrosion 
Cracking Magnesium Chloride. 
Massachusetts Institute Technology, 
Acta Metallurgica, No. 473-475 
(1957) Aug. 

Reports failure and resistance 
failure stress corrosion cracking me- 
chanism, chromium-nickel-iron stain- 
less steels boiling percent mag- 
nesium chloride. Laboratory heats 
austenitic ferritic compositions were 
prepared which did not crack within 
week more exposure test solution 
compared cracking time 1.5 hours 
for commercial Type 304. Specimens 
were stressed beyond 
limit form insulated from appa- 
ratus, spring loaded, and fully immersed 
magnesium chloride. Plastic deforma- 
tion —196 produces more cold 
worked ferrite than deformation 
higher temperatures; such cold worked 
ferrite more crack resistant than un- 
transformed austenite. Series high 
purity 18-8’s containing controlled amounts 
nitrogen and carbon were 
Those with less than 0.01 carbon and 
0.01 nitrogen, did not crack within 260 
hours. With 0.15 carbon 0.15 nitro- 
gen, cracking time was 2.5 hours and 
1.2 hours, respectively. Role nickel 
providing increased resistance 
stress corrosion cracking 
Experiments demonstrate 
tation process responsible for crack- 
ing susceptibility and that austenite-to- 
ferrite transformation 
Crack direction dictated bonafide 
carbide nitride precipitates, in- 
cipient precipitates localized concen- 
trations interstitial atoms. Table 
shows effect carbon, nitrogen and 
nickel stress corrosion cracking 
magnesium 14353 


3.5.8 

The Dynamic Stress Distribution Sur- 
rounding Running Crack: Photo- 
Post. Naval Research Laboratory, 
April, 1957, pp. Available from Office 
Commerce, Washington 25, 
(Order 


connection with the study brit- 
tle fractures steel and other materials, 
and-strain distribution surrounding 
running crack essentially elastic 
material. photo-elastic analysis de- 
scribed for the dynamic stress distribu- 
tion surrounding such crack started 
from one edge model plate Co- 
lumbia resin (CR-39) tension. was 
found that the dynamic stress distribu- 
tions the vicinity the crack approxi- 
mated static distributions models 
extended their ends fixed dis- 
placement. greater distances from the 
crack the distributions approached those 
for constant load during fracture. For the 
crack unaffected the presence ex- 
ternal plate edges, the surrounding zone 
stress-and-strain disturbance grows 
all directions proportionally crack 
14379 


3.5.8 

Stress-Corrosion and Theory 
Strength Material. (In German.) 
Paper before Confer- 
ence “The Interpretation Stress- 
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sion Non-Ferrous Alloys,” 
Gesellschaft fur Metall- 
kunde, Frankfurt, February, 1957. Werk- 
(1957) May. 


Stress-corrosion discussed with ref- 
erence the theory Me- 
chanism stress-corrosion cracking 
with that hot-cracking. 
Conditions cracking are given. Dis- 
cussion, supported literature data, 
includes types corrosion cracking, 
mechanical and chemical stresses, and 
conditions affecting tendency crack- 
ing, simultaneous chemical and mechan- 
ical stresses, kinetics stress-corrosion, 
cold deformation, condition 
ture material function corrosion 
cracking, and intercrystalline and trans- 
crystalline 14313 


3.5.8, 6.2.5, 3.4.8 

Some Case Histories Stress Corro- 
sion Cracking Austenitic Stainless 
Steels Associated with Chlorides. 
No. 397t-404t (1957) June. 

Some case histories stress corro- 
sion cracking Types 302, 304, 316, 321 
and 347 stainless steels are presented. 
These occurred water, steam, brines 
and miscellaneous solutions. 
case, either the chloride content was 
high initially, conditions were such 
that chlorides could concentrate. Usu- 
ally the temperature was 
Often the environment was acid and 
most cases seemed likely that air was 
present. Microexamination 
vealed transcrystalline cracks which usu- 
ally had characteristic branching growth. 
each case was concluded that in- 
ternal tensile stresses combination 
with concentrated chlorides caused the 
cracking. 

Some means avoiding cracking are 
pointed out. Following the case histories 
the results some laboratory tests are 
presented which show that resistance 
cracking increases with nickel content 
and that large additions nickel bring 
about major improvement. Inconel, 
which the high nickel end this 
series alloys considered immune 
this type stress corrosion cracking. 

13709 


3.5.8, 6.3.6 

The Stress Corrosion Cracking 
Copper Alloys. Rept. III. Trans- 
crystalline Cracking. AND 
29-32 (1956) June. 

Observations were made brass. 

was shown that cracks originated 
the phase-boundary the and 
were not observed 

was considered that the edge dis- 
locations might piled between slip 
planes owing the increment inter- 
action, the effect increase zinc 
content, among the dislocations and 
solute atoms, the phase boundary 
obstacle against edge dislocations 
according the relation 

The stress corrosion strain curves fol- 


lowed the general creep rules—JSPS. 
12619 


3.5.8, 6.4.2 

Cumulative Fatigue Damage Air- 
craft Structural Materials. Pt. 2024 
and 7075 Aluminum Alloy Additional 
Data and Evaluation. 
THAL AND Columbia Univ. 
Wright Air Development Center, 
Tech. Note 55-273, Pt. October, 1956, 
pp. 

Investigation determine effect 
randomly varying stress-amplitudes rep- 
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resent gust maneuver load sequences 
encountered flight fatigue life 
7075 and 2024 aluminum alloys testing 
small rotating beam specimens subject 
random time series stress-ampli- 
tudes derived from specific frequency 
distributions stress-amplitudes. ap- 
proximate non-linear cumulative damage 
theory based thermal mechanism 
fatigue supported statistical ap- 
proach developed. Theory approxi- 
mates test results reasonably well for 
the unnotched specimens used. Graphs, 
tables, 13593 


TECHNICAL 
REPORTS 


Corrosion Oil and 
Gas Well Equipment 


T-1A Survey of Corrosion Control in Cali- 

fornia Pumping Wells. A Report of 
T-1A on Corrosion in Oil and Gas Well Equip- 
ment, Los Angeles Area. Pub. 54-7. Per Copy, 


TP-1 Report on Field Testing of 32 Alloys 

in the Flow Streams of Seven Con- 
densate Wells (Pub. 50-3) NACE members, 
$8; Non-members, $10 per Copy. 


T-1C Current Status of Corrosion Mitiga- 

tion Knowledge on Sweet Oil Wells. 
Report Technical Unit Committee T-1C 
Sweet Oil Well Corrosion. Per Copy, $.50. 


Field Practices for Controling Wa- 
: ter Dependent Sweet Oil Well Corro- 
sion. Report Technical Unit Committee 
T-1C on Sweet Oil Well Corrosion, Compiled 
Task Group Field Practices. 
Pub. No. 56-3, Per Copy $1.00. 


Status Downhole Corrosion the 
East Texas Field—A Report of NACE 

Tech. Unit Committee T-1C on Sweet Oil Well 

Corrosion. Pub. 57-23, Per Copy $.50. 


T-1C Water Dependent Sweet Oil Well 

Corrosion Laboratory Studies—Re- 
ports of NACE Tech Unit Committee T-1C on 
Sweet Oil Well Corrosion. Pub, 57-24, Per 
Copy 


T-1C Theoretical Aspects of Corrosion in 

Low Water Producing Sweet Oil 
Wells—A Status Report of NACE Tech. Unit 
Committee T-1C Prepared Task Group 
T-1C-4. Pub. 58-4, Per Copy 50: 


T-1C Experience With Sweet Oil Well 
Tubing Coated Internally With Plas- 
tic—A Status Report of Unit Committee T-1C 
Sweet Oil Well Corrosion. Pub. 58-8, Per 
Copy $.50. 
TP-1D Sour Oil Well Corrosion. Corrosion 
August, 1952, issue, only $2.00 
Per Copy. 


TP-1G Field Experience With Cracking 

High Strength Steel in Sour Gas and 

Oil Wells. (Included in Symposium on Sulfide 

Stress Corrosion.) (Pub. 52-3) Available only 

Oct. 1952 issue Corrosion $2.00 Per 
opy. 


T-1G Sulfide Corrosion Cracking of Oil 

Production Equipment. A Report of 
Technical Unit Committee T-1G on Sulfide 
Stress Corrosion Cracking. Pub. 54-5. Avail- 
able only in Nov. 1954 Issue of Corrosion at 
$2.00 Per Copy. 


T-1G Hydrogen Absorption, Embrittlement 

and Fracture of Steel. A Report on 
Sponsored Research Hydrogen Sulfide 
Stress Corrosion Cracking Carried on at Yale 
University, Supervised by NACE Technical 
Unit Committee T-1G Sulfide Stress Cor- 
rosion Cracking by W. D. Robertson and 
Arnold E. Schuetz. Pub. 57-17. Per copy $2. 


Status Report NACE Technical 
Unit Committee Oil Field 
Structural Plastics. Per Copy $1.00. 
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3.5.8, 6.3.6 

Effects Cyclic Stress and Fre- 
quency Deformation Markings 
Metals, 85, Pt. 153-157 (1956) 

Fatigue deformation markings (stria- 
tions) produced cyclic stressing may 
revealed surface and interior 
copper specimens suitable etching. 
Fractured rotating-cantilever specimens 
tested stresses from 10,000 
25,000 and frequencies and 
6000 c/m were sectioned and examined 


Reports Technical Unit Commit- 

tee T-1J on Oilfield Structural Plas- 
tics. Part 1, Loing-Term Creep of Pipe Ex- 
truded from Tenite Butyrate Plastics. Part 
2, Structural Behavior of Unplasticized Geon 
Polyviny! Chloride. Publication 55-7, Avail- 
able only in June, 1955 Issue of Corrosion at 
$2.00 Per Copy. 


Summary Data Use Struc- 

tural Plastic Products in Oil Pro- 
duction. A Status Report of NACE Technical 
Unit Committee T-1J on Oilfield Structural 
Plastics. Available only in June, 1955 Issue of 
Corrosion $2.00 Per Copy. 


T-1J Service Reports Given on Oil Field 

Plastic Pipe. Activities Report of 
Oilfield Structural Plastics. Per 
Copy $.50. 


T-1J Oilfield Structural Plastics Test Data 
are given. Activities Report 
on Oilfield Structural Plastics. Per Copy $.50. 


Reports Technical Unit Commit- 

tee T-1J Field Structural 
Plastics. Part 1—The Long Term Strengths 
of Reinforced Plastics Determined by Creep 
Strengths. Part 2—Microscopic Examination 
as a Test Method for Reinforced Plastic Pipe. 
Per Copy $.50. 


Status Report NACE Technical 

Unit Committee Oil Field 
Structural Plastics. Part 1—Laboratory Test- 
ing of Glass-Plastic Laminates. Part 2— 
Service Experience of Glass Reinforced Plastic 
Tanks. Part 3—High Pressure Field Tests of 
Glass-Reinforced Plastic Pipe. Per Copy $.50. 


T-1J Service Experience of Glass Rein- 

forced Plastic Tanks—Status Re- 
port of NACE Technical Unit Committee 
T-1J on Oil Field Structural Plastics. Pub. 
57-18. Per Copy $.50. 


T-1J Experience with Oil Field Extruded 

Plastic Pipe in 1955—A Report of 
NACE Technical Unit Committee T-1J on 
Oil Field Structural Plastics, Pub. 57-19. 
Per Copy $.50. 


T-1K Proposed Standardized Laboratory 

Procedure for Screening Corrosion 
Inhibitors for Oil and Gas Wells. Report 
Inhibitors for Oil and Gas Wells. 


Publication 55-2. Per Copy $.50. 
Suggested Coating Specifications 

for Hot Application of Coal Tar 
Enamel for Marine Environment. Report 
NACE Technical Unit Committee T-1M on 
Corrosion Oil Gas Well Producing 
Equipment Offshore Installations. Publica- 


tion No. 57-8. Per Copy $.50. 

T-1M Suggested Painting Specifications 
for Marine Coatings. A Report of 

NACE Technical Unit Committee 

Corrosion of Oi! & Gas Well Producing Equip- 

ment in Offshore Installations. Publication 

No. 57-7. Per Copy $.50. 


Remittances must accompany ll orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Regtstry to 
all addresses outside the United States, Canada 
and Mexico. 
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Striations were most numerous and dis- 
tinct low stresses and frequency all 
crystals. high stresses and frequency, 
striations were much less numerous and 
difinite, appearing only estimated 
crystal 500. Evidence given that 


TECHNICAL 
REPORTS 


PIPE LINE CORROSION 


T-2 Statement Minimum 

ments for Protection Buried Pipe 
Lines. Prepared Special Task Group 
NACE Technical Group Committee T-2 
Pipe Line Corrosion. Publication No. 56-15. 
Per Copy $.50. 


TP-2 First Interim Report on Galvanic 
Anode Tests. (Pub. 50-2) NACE 
members, $3; Non-members, Per Copy. 


TP-3 First Interim Report on Ground 
Anode Tests. (Pub. 50-1) NACE 
members, $3; Non-members, per copy. 


T-2B Final Report Four Annual Anode 

Inspections. A Report of Technical 
Unit Committee T-2B Anodes for 
Current. Publication 56-1. Per Copy 


Use High Silicon Cast for 

Anodes. First Interim Report of Unit 
Committee T-2B on Anodes for Impressed 
Current. Publication No. 57-4. Per Cepy $.50. 


Some Observations Cathodic Pro- 

tection Potential Criteria Local- 
ized Pitting. A Report of T-2C on Minimum 
Current Requirements for Cathodic Protec- 
tion. Pub. 54-2. Per Copy $.50. 


Some Obseravtions Cathodic Pro- 

tection Criteria. A contribution to 
the work of NACE Technical Unit committee 
T-2C. Publication No. 57-15. Per Copy $.50. 


T-2C Criteria for Adequate Cathodic Pro- 
tection of Coated, Buried, Sub- 
merged Steel Pipelines and Similar Steel 
Structures. A Report of NACE Technical Unit 
Committee T-2C on Criteria for Cathodic 
Protection. Pub. 58-15. Per Copy $.50. 


T-2D Methods for Measuring Leakage Con- 

ductance of Coating on Buried or 
Submerged Pipe Lines—A Report Tech. 
Unit Committee T-2D Standardization 
Procedures for Measuring Pipe Coating Leak- 
age Conductance. Pub. 57-27, Per Copy $.50. 


T-2G Tentative Recommended Specifica- 

tions and Practices for Coal Tar 
Coatings for Underground Use. A Report of 
Technical Unit Committee T-2G on Coal Tar 
Coatings for Underground Use. Per Copy $.50. 


T-2H First Interim Report. Tentative Rec- 

ommended Specifications for Asphalt 
Type Protective Coatings for Underground 
Pipe Lines—Wrapped Systems. A Report of 
NACE Technical Unit Committee T-2H As- 
phalt-type Pipe Coatings. Publication No. 
57-11. Per Copy $.50. 


T-2H Second Interim Report. Tentative 

Recommended Specifications for As- 
phalt-type Protective Coatings for Under- 
ground Pipe Lines—Mastic Systems. A Report 
of NACE Technical Unit Committee T-2H on 
Asphalt-type Pipe Coatings. Publication No. 
57-14. Per Copy $.50. 


T-2H Tentative Recommended Specifica- 

tions for Asphalt-Type Protective 
Coatings for Underground Pipelines (Mini- 
mum Recommended Protection). A Report of 
NACE Technical Unit Committee T-2H on 
Asphalt Type Pipe Coatings. Pub. 58-12. 
6 Copies $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas, Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 
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are fact slip traces, whose 
characteristics change from slip packets 
1000 interlamellar spacing low 
stress substantially single lines high 
stress. Hardness results suggest that 
striations are not regions intense 
localized Localized de- 
formation most truly characteristic 
cyclic stressing occurs only low-stress, 
long-life specimens and 
creases deformation becomes less local- 
ized and exhibits similar features 
those produced unidiractional stress. 
Diagram, table, 


13617 
3.5.9, 4.3.6 

The Effect Temperature the Rate 
Corrosion Metals. (In Russian.) 
Bull. Acad. USSR (Izvest Akad. 
Nauk), Chem. Sci. Section, No. 10, 1166- 
1171 (1957) Oct. 

Behavior iron, copper, zinc, nickel, 
lead and magnesium 1.0 normal sodium 
chloride, 1.0 normal sodium chloride plus 
0.1 normal hydrochloric acid, 1.0 normal 
sodium chloride plus 0.1 normal sodium 
hydroxide and 1.0 normal sodium chlo- 
ride plus 0.1 normal solutions 
20, 50, and 16192 


3.7 Metallurgical Effects 


Effect Low-Temperature Stress 
Relieving Stress-Corrosion Cracking. 
(In French.) McKinsey. Revue 
Soudure, 14, No. 42-48 (1958). 

Welded structures are susceptible 
stress-corrosion because the residual 
stresses that are generally present. 
series tests for determining the effect 
low-temperature stress relieving 
the stress-corrosion arc butt welded 
steel plates showed that stress-corrosion 
increases with decrease carbon con- 
tent and that controlled relieving low 
temperature 
references.—MR. 16099 


Nickel-Chrome Brazing Stainless 
Steel. James. Fabriform Metal 
Products. Western Machinery and Steel 
World, 49, No. 68-69 (1958) Feb. 

Brazing method metal joining 
growing importance with the ad- 
vent supersonic flight and consequent 
demands for high heat and corrosion- 
resistant metal parts. Successful brazing 
stainless steel this jet age now 
becoming more commonplace with the 
availability many good heat and cor- 
rosion-resistant 
ing alloys, combined with furnaces 
which provide 100% dry hydrogen at- 
mosphere. corrosion resistance 
prime factor many parts made from 
stainless, the past these parts were 
either machined from solid stock 
mechanically fabricated. Now, nickel- 
chromium brazing together such as- 
semblies, improved parts are produced 
much faster and less cost. Photos.— 
INCO. 15527 


Effect High-Temperature Aging 
Structure and Properties 18% 
Chromium, Nickel Steels. (In Rus- 
sian.) Kh. Cheskis and Vol’fson. 
Metalloved. Obrabotka Metal., No. 
16-25 (1958) April. Translation avail- 
able from Henry Brutcher, Technical 
Translations, Box 157, Altadena, 
California. 

Unexplained failures 18-8 tubes, 


valves, etc. when exposed for prolonged 
periods service temperatures 
(930 and up. Study effect 
aging for 10,000 hours 500-909 
ite decomposition, tensile properties 
hardness and impact values various 
18-8 steels differing their contents 
carbon and such stabilizers titanium 
and niobium. Steel compositions; 
chanical and physical properties vari- 
ous heat-treated conditions. Results 
X-ray study before and after aging. 
Effect carbon content, temperature 
and duration aging rate and 
tent austenite decomposition and na- 
ture resulting phases. Role diffu- 
sional processes. 15637 


Uses Oxygen and Acetylene Gases 
the Refrigerator Industry. Bow- 
man, Paper before International Acety- 
lene Assoc., Annual Convention, Min- 
neapolis April 1-3, 1957. Welding 
37, No. 120-123 (1958) Feb. 

Covers many production uses oxy- 
acetylene torch including welding 
sheet metal, brazing, soldering and 
freon leak detection. All tubing joints 
except those aluminum are silver 
brazed. silver-alloy used for 
copper-to-copper, copper-to-steel, and 
steel-to-steel joints. Where copper tub- 
ing silver brazed Type 302 stain- 
less, silver-3 nickel alloy used 
prevent possible crevice corrosion; 
these joints are painted with rust-resist- 
ing compound.—INCO. 15460 


PREVENTIVE MEASURES 
5.3 Metallic Coatings 


The Effect Cadmium Plating 
SAE 4340 Steel the Presence Stress 
Concentrations Elevated Tempera- 
tures. Kennedy, Jr. Wright 
Air Development Center, Air 
Force. March, 1958, pp. Available 
from Office Technical Services, 
Department Commerce, Washington 
25, (Order 131814.) 

result this research, was 
recommended that cadmium-plated high- 
strength steel not used applications 
where operating temperature approaches 
the melting point cadmium. The study 
was conducted determine the effect 
cadmium plating the tensile and stress 
rupture properties high-strength steel 
high temperatures. Service failures 
cadmium-plated aircraft structural parts 
had indicated that stress combined with 
high temperature caused sharp de- 
crease tensile strength. studies 
SAE 4340 steel the annealed condi- 
tion, was shown that tensile properties 
are not affected cadmium plating 
600F 611F while under stress. Plating 
the steel heat-treated 240,000 
260,000 psi tensile strength level causes 
sharp decrease the rupture strength 
near the melting point cadmium 
(612F). However, was observed that 
exposure unstressed cadmium-plated 
parts these temperatures causes 
decrease the tensile strength room 
temperature, OTS. 16573 


5.3.2, 6.3.15 

Titanium Coating and Its Application. 
Pt. II. Further Study Titanium 
Cementation and Corrosion-Resistance 
Normal and Elevated Temperatures. 
Takashi Yamaguchi and Takeshi Takei. 
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bonus? 
Gee, all did 

was specify 
Prufcoat 

Primer P-50. 


Incredible? Not all. Because there’s nothing management 
appreciates more today than cutting costs and saving money. 
And specifying Prufcoat Universal Primer P-50 one sure 
way doing just that. With Primer P-50 alone you satisfy 
range requirements ordinarily demanding 
ment many special primers. 

Outstanding performance countless corrosive environ- 
ments over the past nine years has proved P-50 top- 
notch primer for just about every type coating... vinyls, 
epoxies, acrylics, styrenes and many more...and for con- 
ventional oleoresinous paints well. Result: One primer 
does the work many. You tie less money primer 
stocks and eliminate overstocking. You qualify for higher 
discounts. You avoid costly misapplications. 

Primer P-50 bonds tenaciously nearly all metal surfaces, 
old new, ferrous and non-ferrous. Its superior surface 
wetting properties frequently mean that you save surface 
preparation costs...substantially...and safely, too. Sand- 
blasting seldom mandatory. Wirebrushing and scraping 
remove loose rust and scale often the only surface prep- 
aration needed. 


PRUFCOAT LABORATORIES, INC. 
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Whether applied brush, spray, hot spray roller, you 
get mils more primer thickness just one 
assuring minimum application labor costs. And, once ap- 
plied, resistance undercutting and electrolytic 
corrosive action gives you low-cost insurance against costly 
premature coating failures. 

Yet Primer P-50 remarkably low initial cost. 
chances are you'll start saving money the very day you 
place your first P-50 order. 


WHY NOT PUT PRUFCOAT PRODUCTS WORK FOR YOU? 
Your Prufcoat representative can show you how put 
Prufcoat corrosion resistant primers and coatings most 
effective, money-saving use. There cost obligation. 


Main Office Plant: Main St., Cambridge 42, Mass. New York Sales Office: East 42nd Street, New York 17, 


Warehouses: Atlanta — Buffalo — New Orleans — San Francisco — Seattle 


105a 


110 ASSOCIATION CORROSION ENGINEERS 


Sci. Research Inst. (Tokyo), 51, 75-81 
(1957) June. 

Alloy coatings titanium-containing 
binary alloy powders with silicon, nickel, 
chromium and aluminum were studied. 
Corrosion test electrode-potential 
measurement showed that titanium- 
coated materials are nearly corrosion- 
resistant titanium aqueous medium 
but less resistant elevated tempera- 
tures. Scaling-resistant properties ti- 
tanium 
specimens, together with other resistant 
materials, were examined air, hydro- 
gen sulfide and sulfur dioxide. 
NSA. 16364 
5.3.4, 3.7.3 

Hot-Dip Aluminum Coating Steel. 
Study Diffusion Heat-Treatment 
Aluminized Steel. Isa and 
Ko. Metal Finishing Soc., Japan 
No. 41-44 (1958) Feb. 


Study the corrosion resistance 
aluminized steel diffusion heat-treated 
700-1000 for hrs the atmos- 
phere, solutions with 1-14 range, 
room temperature, and The 
effect diffusion heat-treatment the 
tensile strength and the repeated bending 
value the steels was also studied. 
substantial growth the diffusion layer 
thickness was observed when the diffu- 
sion rate was substantially increased and 
the base metal heated above Acs, 900 
relationship was found between the 
diffusion layer thickness and the heating 
time. 

The 700-800 diffusion heat-treated 
aluminized steels were found have 
lower tensile strength (<52 kg/mm’) 
than the hot-dip aluminum coated steels; 
the contrary the aluminized steels, 
heat-treated temperature greater 
than 900 presented higher tensile 


strengths (due the remarkable growth 
hard and brittle diffused alloy layer) 


JSPS. 


5.3.4 

Research Microthrowing Power 
and Leveling Plating Baths. 
Plating, 45, No. 486-492 (1958) 

plating various macro- and 
files brass. Between macro- and 
throwing power there fluid transition 
copper plating from 
characteristic features microthrowing 
power appear also microprofiles 
form latter such strongly re- 
press convection electrolyte that 
thick diffusion layer forms the depths, 
Leveling realm microthrowing 
power occurs with coatings from cuppric 
sulfate and Watts nickel baths, free from 
addition agents, result definite field- 
oriented type crystal growth upon 
metal crystallizing sides micro- 
profiles. V-shaped notches surface 
positive leveling general 
occur with random type 
growth. case does concentration 
lines current flow into depths 
microprofiles occur these baths. Genu- 
ine leveling the sense forcing 
current lines into depths profile occurs 
with bright nickel plating baths contain- 
ing leveling agents. Considerably accel- 
erated thickness growth upon lateral sur- 
faces microdepressions occurs. 
genuine leveling field-oriented growth 
observable profile depths. But even 
with strongly leveling bright nickel baths 
growth coating lowest portion 
profile weaker than middle and 
upper part, that void may formed 
which covered deposit. With brass 
panels provided with various shapes 
notches, formation hidden masked 
cavities occur which result from increased 
growth nickel deposit upper part 
microprofile. Numerous graphs, photo- 
micrographs.—I NCO. 16715 


5.3.4, 3.7.4, 3.5.8 

The Structure Nickel Electrode- 
posits Relation Some Physical 
Properties. Evans. Trans. Faraday 
Soc., 54, No. 1086-1091 (1958) July. 

Structures variety nickel electro- 
deposits and their relationships some 
physical properties 
reference being paid 
ferred orientation, internal stress, grain 
size, hardness, surface topography and 
brightness. (100) and (110) were pre- 
dominant fiber axes found matt, semi- 
bright and bright deposits, and for any 
given electrolye (110) was found 
associated with higher values internal 
stress and hardness, while (100) was as- 
sociated with decreased values. Experi- 
mental evidence indicates that brightness 
was not due small grain size but 
merely free surface grains being flat 
and parallel general surface direction 
specimen; fact that deposits also show 
high degree preferred orientation 
incidental and not cause brightness. 
Graph, 16795 


5.3.4, 6.3.9 

The Use Nickel-Aluminum Alloy 
Coatings for the Protection Molybde- 
num from Oxidation. Couch, 
Shapiro and Brenner, National Bu- 
reau Standards, Electrochem. Soc., 
105, 485-486 (1958) August. 

The protective coatings described were 
prepared plating the molybdenum 
with mil chromium followed 
mils nickel. The samples were then 
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plated with mils aluminum. 
Several methods forming aluminum- 
nickel alloy coatings were studied and 
the most effective method forming the 
layer was electro- 
deposition from fused cryolite bath 


1000 16785 


5.4 Non-Metallic Coatings 


and Paints 

Mechanized Roll Coating. Dick- 
inson. Industrial Finishing, 10, No. 117, 

fast and inexpensive method ap- 
plying various types finishing ma- 
terials sheet plate surfaces, mech- 
roll coating used the finishing 
plywood, plastic laminates, glass, 
sheet metals, 16232 


5.4.7, 7.1 

Extend Turbine Blade Life with Metal 
Spray. Paraskeva and Tay- 
lor. Power Eng., 61, No. 68-69 (1957) 
August. 

Metal spraying offers satisfactory so- 
lution problem extending life 
leading edge low-pressure stage tur- 
bine expendable metal 
coating deposited which 
stead the blade proper. base coat- 
ing molybdenum 0.001-0.002 in. thick 
stainless steel the desired thickness. 
Technique used for metal spraying 
flanges given. 16245 


5.4.7 

Flame-Plated Hard Coatings. 
Warring. Machinery Lloyd (Overseas 
Edition), 29, No. 21, 75, (1957). 


Gra 
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With the Linde flame-plating process 
high wear-resisant coatings tungsten 
carbide and aluminum oxide can ap- 
plied base metals, Most experience 
has far been derived from coatings 
tungsten carbide-cobalt, applied 
gun. The temperature the base seldom 
approaches 400 (205 during the 
process, and applied thickness 
0.010 in, usual, with 0.002 in. mini- 
mum. The Vickers hardness the car- 
bide coating equals approximately 350, 
aluminum oxide coatings equal approxi- 
mately 1000-1320, and these can built 
0.020 in. thick, with greatly en- 
hanced corrosion-resistance—MA. 16368 


5.4.7 

Further Development Metal-Spray- 
ing Technique. Pts. III, 
man.) Reininger, Metalloberflache, 
11, Nos. 10, 11; 329-333, 361-365 (1957) 
October, November. 

illustrated review international 
developments pistols, preliminary 
surface-treatments, knowledge the 
structure and properties the sprayed 
coatings, subsequent treatment the 
coatings improve strength and cor- 
rosion-resistant, spray-brazing and 
welding processes, rust and corrosion- 
resistant coatings, 
ings, repairs, finishes and testing the 
finished coatings. 

16322 


5.4.8 

Novelties Rust Prevention. 
Hebberling. Werkstoffe Korrosion, 
No. 150-152 (1958). 

Standard practice German rust- 
preventive schemes with 
reference removal millscale, thin- 
film primers, 


111 


economic film thickness, use fillers 
primers, works priming practice and 
types finishing systems.—RPI. 16504 


5.4.8, 3.3.2, 8.9.5 

Ship’s Paints’ Faults. Courtney 
Corrosion Prevention and Con- 
trol, No. 47-52 (1958) July. 

Purpose anti-fouling paints and im- 
portance non-fouled hulls 
viewed and factors affecting their per- 
formance enumerated. 
composition paint, weather conditions 
when applied, time elapsing between ap- 
plication coats and biological cycle 
fouling organisms (period year when 
anti-fouling paint put onto sea). Rates 
fouling differ according length 
stay port and characteristics ports. 
Leaching rates anti-fouling paints and 
susceptibility various organisms 
poisons (copper and mercury ions) are 
discussed. Anti-corrosion paints hull 
are reviewed. Importance preventing 
contamination anti-corrosion paints 
copper mercury from anti-fouling 
paints stressed. Such contamination 
leads formation electrochemi- 
cally corrosive coating. Testing anti- 
corrosive coat with anti-fouling paint 
with which will used carried out 
raft tests and laboratory immer- 


sion 16747 
5.4.8, 2.3.2 

Antirusting Paint. Tarbouriech. 
Ann. Inst. Tech. Batiment Trav. 


Publ., No. 102, 571-579 (1957); Chemi- 
cal Abstracts, 52, No. (1958). 

Natural and accelerated weathering 
not produce the same results evaluat- 
ing antirust paint, but the latter can 
standardized and used studying paints 
whose resistance water due the 
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binder, plateshaped pigment 
pigments which produce protective 
chemical 16416 


5.4.8 

Rust Prevention (and Heat-Protec- 
tion) with Metallic Pigments. (In Ger- 
man.) Pollack. Metall. 11, No. 
506-508 (1957). 

review the most recent composi- 
tions and applications rust-preventive 
paints pigmented with aluminum-bronze, 
magnesium, lead lead monoxide), 
zinc zinc oxide) powders, and 
heat-resistant paints pigmented with 
aluminum-bronze zinc powders. 
16276 


5.4.8, 3.7.3 
Antirust Coatings and Welding. (In 
French and German.) Clement. 
Schweisstech., 47, 212-219 (1957) Sept. 
welded constructions, the anti-rust 
coatings are very often altered along 
welds. The cause carbonate deposit. 


Means avoid this 
16146 


5.4.10 

Protective Coatings for Buried Pipe- 
lines. Liss and Fetko. Arabian 
American Oil Co. Oil and Gas J., 56, 
No. 22, 93-96 (1958) June 

More than 600 miles buried pipe- 
lines were built Aramco Saudi 
Arabia. The lines pass through sandy 
and rocky terrain well through 
moist salt flats. Soil resistivity these 
areas varies from 2,000 180,000 ohm- 
cm. Because the low cost, local avail- 
ability and generally acceptable proper- 
ties, asphalt will continue used for 
coating pipelines. Coal-tar enamel 
coating might justified areas 
extremely low widely soil 
resistivity and oil soaked areas. Poly- 
ethylene tape appears have many de- 
sirable properties and seasonable in- 
stalled cost. Aramco plans full scale 
evaluation this product. Photos.— 
INCO. 16557 


5.4.10 

Surface and Corrosion Protection 
Underground Tubes and Cables with 
Plastic Wrapping. (In German.) Rich- 
ard Rohm. Tech. Mit., 50, 38-42 (1957) 
July-August. 

thene wrapping protection sub- 
terranean tubes and cables gas works, 
telephone installations, petroleum indus- 


try and mining; technique application. 
—MR. 16298 


5.8 Inhibitors and Passivators 


5.8.3, 4.3.2, 6.2.2 

Behavior Cast Iron Acids with 
and without Inhibitors. (In German.) 
Willibald Machu and Fouad. 
Werkstoffe Korrosion, 369-379 
(1958) June. 

acids and their mixtures, effect 
inhibitors independent the nature 
their charge. Losses weight caused 
mixtures are not equal the alge- 
braic mean those the individual 
acids, owing modification hydro- 
gen ions and anions. Organic and inor- 
ganic inhibitors behave alike. Phosphate 
ions phosphoric acid act inhibitors. 
Carbides and silicides the surface 
the cast iron reduce inhibition. Struc- 
ture inhibitor film well solubil- 
ity and resistance surface film de- 
termine degree inhibition. refer- 
ences.—MR. 16541 


108a 


ASSOCIATION CORROSION ENGINEERS 


5.8.3, 2.3.5, 3.6.8 

Electrochemical Method Test- 
ing Corrosion Inhibitors Neutral Salt 
Solution. Kobayashi and Naga- 
yama. Corrosion Engineering (Japan), 
No. 25-28 (1958) May. 

Polarization resistance 
loss mild steel were measured 
sodium chloride solution containing vari- 
ous quantity sodium silicate cor- 
rosion The effect adding 
certain kind metal chloride the 
above solution was 
The corrosion rate was found de- 
crease the polarization resistance in- 
creased, and their relation was linear 
log-log plot. The corrosion rate, and 
its variation with time, can thus de- 
duced from the measurement polari- 
zation resistance. The main advantage 
this method lies the fact that the 
specimen does not have taken out 
the solution. 

considerable increase the inhibit- 
ing effect sodium silicate was noticed 
the presence either one the zinc, 
weight-ratio determining the maximum 
inhibiting effect was also 

16571 


5.8.3, 3.8.3 

The Mechanism Passivating-Type 
Inhibitors. Milton Stern. Electrochem. 
Soc., 105, No. 11, 638-647 (1958). 

All passivating-type inhibitors are oxi- 
dizing agents. However, not all oxidiz- 
ing agents are inhibitors. passivating- 
type inhibitor functions producing 
local-action current 
polarizes metal into the passive po- 
tential region and thereby provides the 
means for obtaining noble mixed po- 
tential. This mechanism independent 
whether passivity caused primarily 
oxide adsorbed films. The major 
factors which determine whether par- 
ticular system will exhibit passivity are: 
(a) reversible potential the redox 
system created the oxidizing inhibi- 
tor; (b) parameters for 
reduction the inhibitor the metal 
surface (exchange current, Tafel slope, 
and limiting diffusion current), and (c) 
critical anodic current and 
tential the metal. oxygen pres- 
ent the system, some chemicals may 
function changing its reduction ki- 
netics. further shown that the 
amount inhiibtor found associated 
with the surface not necessarily re- 
lated adsorption. Data are presented 
for passivation stainless steel and ti- 
tanium. The mechanism discussed 
terms various oxidizing agents in- 
cluding oxygen, chromate, molybdate, 
16631 


5.9 Surface Treatment 


5.9.4 

Applications Bonderizing the 
Field Light Alloys. Cerma. 
Alluminio, 27, No. 7-8, 337-340 (1958) 
July-August. 

After having described the procedure 
for the application aluminum and 
aluminum alloys phosphate coatings 
which protect the metal from corrosion 
and ensure good adherence paint, the 
advantages various types com- 
mercially available Bonderite products 
are evaluated. pointed out that 
phosphate coatings efficiently protect 
the metal during cold working and, 
general, they help prevent untimely 
deterioration the metal caused 
wear.—ALL. 16498 


5.9.4, 3.4.6 

Phosphoric Acid Treatments for 
Pt. Nature Coatings Produced 
the Action Phosphoric Acid 
Shreir. Applied Chem., Pt. 
(1958). 

The nature the mixed iron phos- 
phates present coatings produced 
the action phosphoric acid clean 
steel surface has been investigated. The 
composition the coating changes with 
time exposure atmospheric oxygen, 
The role oxygen the reaction 
mechanism 


5.9.4 

Modern Methods Protection 
Metallic Surfaces. Knezevic. Zastita 
Mterijala, No. 121-126 

The methods phosphatization 
metals are described, especially 
phosphatization iron and steel. The 
physical and chemical properties the 
phosphatized layer are given. Foreign 
standards for application this method 
are quoted. The second part the 
paper deals with the 
method cleaning metallic surfaces, 
which employs the impact injected 
air which abrasive liquid sus- 


pended.— RPI. 16568 


5.9.4 

The Selection and Use Phosphate 
Coatings Pre-Treatments for Organic 
Finishes. Drysdale. Paper before 
Inst. Metal Finishing. Electroplating 
and Metal Finishing, 11, No. 9-14, 
51-55 (1958) Jan., Feb. 

esses available industry 
and discusses principles 
ered selecting process for more widely 
used applications. Discussion limited 
phosphate coatings for anti-corrosion 
paint bonding purposes. analyzing 
characteristics phosphate coatings, 
particular reference made relation 
between weight phosphate per unit 
area and various properties coating. 
Crystal size, free pore area, coating 
thickness, corrosive residues and resist- 
ance deformation are considered. With 
regard application, wetting character- 
istics, treatment time, plant considera- 
tions, surface cleaning and surface phys- 
ical conditions are discussed. Types 
processes include: heavy, medium, light 
and very light coating processes, phos- 
phate passivation processes 
esses for application situ (cold treat- 
ment). Salt spray test specimens are 
shown.—INCO. 16495 


MATERIALS 
CONSTRUCTION 


6.2 Ferrous Metals and Alloys 


6.2.5 

Chromium-Alumium Steels, Their 
Properties and Applications. (In 
French.) Eugene Herzog. Corrosion 
Anticorrosion, 117-126 (1958) April. 

Principal characteristics chromium- 
aluminum steels. Resistance fissuring 
solutions nitrates and hydrogen 
sulfide. Surface condition and corrosion 
rate; transformations and mechanical 


properties; results corrosion tests.— 
MR. 16514 


The Corrosion Resistance Loy-Al- 
loy Steels. Herzog. Iron Steel 
Inst., 187, Pt. 46-47 (1957) Sept. 
Discusses results tests made 
Inco’s Kure Beach since 1948. Table 
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Test patch Phenoline 300 passenger car wash 
station large Eastern Railroad. Patch was sub- 
jected continual spillage acid cleaning compound 
(sulphuric) and extremes weathering. Material 
applied coats with total thickness inch. 
After year service, almost inch unprotected 
concrete had corroded away. Phenoline-protected con- 
crete remained unaffected with bond Phenoline 
concrete still perfect. 
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shows variation with time rates 
corrosion chromium and chromium- 
aluminum steels. Effect aluminum 
less than that chromium, 
nevertheless the order about 20% 
These tests were made distance 
about 100 from water’s edge. Other 
tests show action aluminum more 
clearly. Very close water’s edge, when 
exposed spray, its action very 
noticeable, while further away, less 
pronounced. Results show that influence 
aluminum appears depend de- 
gree humidity and extent which 
varies; only favorable when hu- 
midity high. Results immersion 
aluminum and steel calm sea water 
for three years Tables, 


16175 


Study Austenitic Chrome-Manga- 
nese Steels. Panicheva. Metalloved. 
Obrabotka Metallov, No. 23-27 
(1958) May. Translation available from 
Transla- 
tions, Box 157, Altadena, Calif. 

Chrome-manganese steels 
mium-nickel steels for service requiring 
resistance scaling and creep. Effect 
various alloying elements (tungsten, 
titanium, molybdenum, vanadium) 
14% chromium, 10% manganese steel 
rupture strength and tensile properties 
room and elevated temperatures. Per- 
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6.2.5, 6.3.15, 6.3.20, 8.4.5 

Examination Corrosion Specimens 
from Slurry Blanket Mockup Run 
Ridge National Lab. Atomic 
Energy Commission Pubn., CF-58-6- 
June 1958, pp. ailable from Of. 
Technical Service, ashington, 


Generally low attack rates were dis. 
played specimens type 347 stain. 
less steel, titanium-75A, and 
which were exposed for 2396 
slurry blanket mock-up Run SM- The 
leading the array, type 347 
stainless steel, suffered more severe at- 
tack due erosive action the slurry, 
Coupons SA-212-B carbon steel were 
consumed during the run. stress cor- 
rosion cracking was noted samples, 
placed the pressurizer, types 347 
and 350 stainless steels, titanium- 
NSA. 16595 


6.2.5, 

Results Stress Corrosion Tests 
Type 347 Stainless Steel 
10-11 Lithium Hydroxide. 
ian. Knolls Atomic Power 
Atomic Energy Commission Pubn,, 
KAPL-M-GEG-11, May 1958, pp. 
Available from Office Technical 
ices, Washington, 

The results stress-corrosion tests 
T-347 stainless steel 500 
10-11 lithium hydroxide are described. 
Stressed-bolt specimens heated 626, 
665 and 695 produce boiling were 
exposed for four weeks determine the 
extent corrosion expected. Also, 
tests were made evaluate corrosion 
under conditions leakage the at- 
mosphere. the boiling tests, corrosion 
scales thicker than expected were found, 
and metal penetration about 0.001 in. 
occurred some areas the threads 
the bolt specimens. 
rosion cracking was found 
scopic metallographic examination. 
deposits lithium hydroxide were 
found. Deposits calcium carbonate 
were present. Tests evaluate leakage 
the atmosphere were made with 
type 347 stainless steel bar stressed 
Schroeder embrittlement detector. 
mixture calcium carbonate with some 
lithium compounds was found the 
test surface after four weeks. severe 
corrosion attack was observed. (auth)— 


NSA. 16521 


6.2.5, 6.3.15, 8.4.5 

Corrosion Stainless Steel and Ti- 
tanium Purex 2WW. Fraser. 
General Electric Co., Hanford Atomic 
Products Operation. Atomic 
Energy Commission Pubn., HW-43986, 
March 24, 1958, pp. Available from 
Office Technical Services, Washing- 

Heat-transfer corrosion rate data are 
presented which compare the resistance 
three types stainless steel 
type titanium corrosion boiling 
synthetic Purex 2WW. Specific corro- 
sion parameters investigated were time 
and temperature. Laboratory and mock- 
data had the same order magni- 
tude. Pilot plant data are presented 
which illustrate some aspects the na- 
ture corrosion sur- 
faces affected material composi- 
tion and method fabrication, Types 
304-L, 347 and 312 stainless steel were 
tested the annealed, sensitized, as- 
welded condition, and type 
nium was tested the annealed condi- 
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rates were linear 
with time after induction period, and, 
two exceptions, were linear with 
perature. 1,000 hrs. exposure 
114 sen- 


wit 
tem 
and metal temperature 
sitized type 347 had corrosion rate 
about mils/yr, sensitized 
mils/yr and annealed A-70 titanium 
three (auth)—NSA. 

16491 
6.2.5, 

Sigma Phase Austenitic Steel 
£1448. Uryupina and Likina. 
Metalloved. Obrabotka Metallov, No. 
37-41 (1958) June. Translation Avail- 
able from Henry Brutcher, Technical 
Translations, Box 157, Altadena, 
California. 

Study mechanical properties steel 
E1448 (0.10% carbon, 1.09 manganese, 
0.73 silicon, 16.58 chromium, 11.9 nickel, 
titanium, 1.75 molybdenum) after 
quenching from 1200 and 6000 
hours ageing 575 800 and ef- 
fect presence sigma phase them. 
Electrolytic procedure for isolating 
sigma; chromium, iron and molybdenum 
contents residue function age- 
ing time; iron content residue in- 
dex quantity sigma present. Age- 
ing temperatures and times required for 
sigma form (directly from austenite). 
Results microexamination. Presence 
sigma affecting impact strength 
and reduction area room and ele- 
vated temperatures; properties 
variously heat-treated states. Results 
rupture tests. figures, 


16161 

6.2.5, 8.8.5 
Cast Age-Hardenable Austenitic 
Steels. Lange, Lowells and 
Bukowski. Naval Research 


quickly “rubbed out” 
the Galloway boys. 


against corrosion and paraffin 
longer tubing life. 


tection for 


best, most economical pro- 
Also best for splash zones, offshore 
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Lab., May, 1958, pp. Available from 
Office Technical Services, Dept. 
Commerce, Washington 25, 
(Order 131733). 
Chromium-nickel-phosphorus, chromi- 
um-manganese 
manganese-vanadium types age-hard- 
enable, austenitic steels which have high 
strength characteristics wrought 
forms were investigated for use high- 
strength, nonmagnetic steels for cast- 
ings. 
austenitic steel with 0.3% carbon and 
0.25% phosphorus developed yield 
strengths the 100,000 psi level. The 
chromium-manganese type austenitic 
steels containing phosphorus vana- 
dium were age hardenable, but castings 
these alloys were brittle when they 
were heat treated high strength levels. 
Modifying the wrought chromium- 
nickel-manganese-vanadium composition 
resulted alloy with good ductility 
and yield strengths the 100,000 psi 
level. fourth type age-hardenable, 
austenitic steel, manganese-vanadium, 
containing minimum alloying ele- 
ments was developed. The hardness and 
tensile properties four compositions 
which were cast and heat treated 
yield strengths the 100,000 psi level 
are reported.—OTS. 16159 


6.2.5 

Medium and Low Tungsten High- 
Speed Steels Alloyed with Cobalt. 
Chaadaeva. Metalloved. Obrabotka 
Metallov, No. 48-53 (1958) March. 
Translation available from Henry Brut- 
cher, Technical Translations, Box 
157, Altadena, California. 

Development new high-speed steels 
giving superior performance ma- 
chining operations entailing impact-like 
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stresses. Compositions experimental 
steels Conditions heat 
treating. Effect number temperings 
amount retained austenite and 
hardness. Data transverse bending 
strength; effect subzero treating. Re- 
sults obtained with cyaniding and sulfi- 
dizing 12% tungsten, chromium, 
vanadium, cobalt, molybdenum 
steel. Data composition carbide 
phase; and the life cutting tools 
the various steels. Evaluation results: 
Life new steels two three times 
that the conventional 18-4-1 type. 


6.3 Non-ferrous Metals 
and Alloys—Heavy 
6.3.19, 4.3.2, 3.4.3 
Corrosion Studies. Pt, XIII. The 


Course the Corrosion Zinc Chlo- 
ride Solutions and the Resulting Corro- 
sion Product. Sekerka and Smréek. 
(In German.) Coll. Czechoslov. Chem. 
Commun., 22, No. 712-719 (1957) June. 

specimens (98.5% zinc), 1.5 
thick and surface area were im- 
mersed distilled water and potassium 
and for hours, after which 
and concentration Zn**, and 
oxygen were determined. The specimen 
was immersed fresh solutions for 
further hours and the cycle repeated 
for total hours. Parallel tests 
were made which, after 2-hours im- 
mersion, the solid corrosion product was 
dissolved ammonium hydroxide and 
analyzed. The results are tabulated and 
show maximum corrosion 
hydrochloric acid. The corrosion prod- 
uct consisted zinc hydroxide with 
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increasing zinc chloride the potas- 
sium chloride increased, limiting 
compound The influ- 
ence the corrosion product the 
course the corrosion discussed. 
references.—MA. 16318 


6.3.6, 4.3.3 

Brass Corrosion Alkaline Medium. 
(In Russian.) Zhuravlev and 
Ia. Kagan. Elek. Stantsii, 28, No. 12, 
26-28 (1957) Dec. 

Effect water alkalinity corrosion 
brass; establishment conditions for 
corrosion prevention heat exchang- 
ers; corrosion velocity various media; 
dependence brass corrosion 
dium hydroxide concentration 
presence and absence oxygen; rela- 


tionship between copper and zinc the 
corrosion products.—BTR. 16406 


6.3.5, 3.5.9 

Development Niobium-Base Alloys. 
Begley. Westinghouse Electric 
Corp. for Wright Air Develop- 
ment Center, Air Force, May, 
1958, 113 pp. Available from Office 
Technical Services, Department 
Commerce, Washington 25, 
(Order 151004.) 

evaluate the potentialities niobium- 
base alloys for structural applications 
temperatures over 1800 The work 
included studies the creep-rupture 
properties, flow and fracture character- 
istics, oxidation behavior and weldability 
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So. San Cal., Linden Ave., Phone: 6-1440 


commercially pure niobium, Among 
the results, nobium was found under. 
ductile-brittle transition the 
range —125 —196C, and its transition 
temperature range was less affected 
the presence interstitial impurities 
than many body-centered cubic 
metals. Creep-rupture studies 982 and 
1093C showed that the 100-hr rupture 
strength commercial niobium 
vacuum significantly greater than that 
unalloyed molybdenum. was 
gested that small quantities gaseous 
contaminants may responsible for the 
high strength commercial niobium 
high temperatures. From weldability 
studies was determined that nitrogen 
very detrimental mechanical 
niobium, having hardness less than 
VPN, was produced cage-zone 
refining techniques.—OTS. 16441 


6.3.5 

Development Oxidation Re. 
sistant Columbium Alloy. Status Report 
No. for the Period: April 16, 
August 15, 1958. Rudolph Ohio 
State University, Research Foundation, 
Columbus, August 18, 1958, pp. 
Atomic Energy Commission Pubn., 
Project No. 467, Contract onr-225 
(28) 005). 

preliminary screening niobium- 
titanium-zirconium alloys indicated 
at.% niobium-5 at.% 
titanium alloy possess the best com- 
bination low oxidation rate and non- 
porous adherent oxide film. Further 
tests this alloy 900 1000 and 
1100 showed rapid initial weight 
gain which drops after hours. Simul- 
taneous internal and external oxidation 
occurs resulting pearlitic dispersion 
matrix. The composition, structure and 
hardness the oxidized alloy were de- 
16660 


3.2.3 

Protection Niobium Against Oxi- 
dation Elevated Temperatures. Status 
Report for the period July 16, 1957- 
March 15, 1958. Spreynak and 
Rudolph Speiser. Ohio State University, 
Research Foundation, Columbus, March 
28, 1958, pp. Atomic Energy 
Commission Pubn., Project 
Rept. 16. Contract onr-225(28). 

The oxidation behavior niobium- 
zirconium alloys from 800 1000 
and 
loys from 800 900 was observed 
along with some physical properties 
niobates. Oxide coatings various al- 
loys the binary and ternary systems 
were studied elevated temperature 
oxidation experiments, and 
tion characteristics cooled samples 
described.—NSA. 16659 


6.3.5, 3.7.4 

Properties Niobium-Silicon Alloys. 
Neshpor and Ermakova. Inst. 
Metal Ceramics and Special Alloys, 
Academy Sciences, Ukrainian SSR. 
Zhur. Neorg. Khim., 868-878 (1958) 
April. 

Metallographic and X-ray diffraction 
investigations niobium-silicon systems 
with 100 at.% silicon showed the 
existence three intermediate com- 
plexes: the with hexagonal lattice 
the three modifications and 
modification with constants 
and and the hexagonal sili- 
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HERE are several sets typical before and after 
coupon test figures wells now getting Visco 
Anti-Corrosion Treatment. Estimate the well 
equipment metal saved Visco Treatment, and you 
get idea the dollars saved labor and replacement 


costs... 


Well Maximum Weight 
Before Visco With Visco 
11.00* 0.02 
4.90 0.40 
8.10* 0.86 
7.50 0.08 
16.00* 1.30 


These wells receiving treatment. Replaced Visco. 


1 mil=.001 inch. A corrosion rate of 216 mils per year means that the 
corrosive attack, if uniform, would have corroded away the entire 
surface of the metal to a depth of .216 inches in a year. However, the 
real danger of high corrosion rates, as the coupon shows, is the much 
deeper and faster penetration occurring at localized areas. 


VISCO PRODUCTS COMPANY 


Incorporated 


1020 Holcombe Bivd., Houston 25, Texas 


CONSISTENTLY EFFICIENT 
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; 
served 
987 


cides with lattice constants 
4.78 and The melting points 
and the electric conductivity the alloys 
were determined, and hypothetical phase 
diagrams were plotted the basis 
the data. The corrosion resistance was 
tested 1000 the air; the systems 
did not exhibit strong corrosion resist- 


ance.—NSA. 16665 


6.3.6, 8.8.5 
The Chemical Treatment Copper 
Alloys. Ruddle. Foundry Serv- 
ices, Inc. Trans. Am. 
Soc., 66, 271-277 (1958); Modern Cast- 
ings, 33, No. 75-81 (1958) June. 
Reviews some standard chemical 
methods treating molten copper al- 
loys and presents some indication 
underlying theory behind 
ments. Melting fluxes, degassing pro- 
cedures and grain refining are dealt 
with. considering gas removal, treat- 
ments remove hydrogen and pre- 
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Installation 


DESIGN SURVEYS 


ENGINEERING CORP. 


105 Rockleigh Place—OLive 4-6536—Houston 17, Texas 


Twenty cathodic protection 
engineers with 
total over 150 years experi- 
ence available to serve you 
with ABILITY and INTEGRITY. 


Houston, 4601 Stanford St. 


BRANCH OFFICES 
Tulsa New Orleans Corpus Christi Denver 


Cathodic Protection 
SURVEYS * DESIGNS * ENGINEERING 


Pipes Lines © Offshore Platforms 
Refinery and Gasoline Plant Lines 
Municipal Systems ¢ Barges 


CORROSION RECTIFYING CO. 


7-6659 
HOUSTON, TEXAS 


5310 
BOX 19177 
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vent compound gas formation (steam, 
sulfur dioxide and carbon monoxide) are 
discussed separately. Graphs present 
data for various bronzes, brasses and 
16604 


6.3.8, 4.3.2, 3.7.2 

the Corrosion Resistance Lead 
and Lead Alloys (lst. rept.). the 
Corrosion Resistance Lead and Lead 
Antimony Alloys. Hirama and 
Watanabe. Japan Inst. Metals, 22, 
No. 161-165 (1958) April. 

The corrosion rates lead and lead- 
antimony alloys sulfuric acid, sulfuric 
acid ammonium sulfate solution, sul- 
furic acid-nitric acid mixed acid, hydro- 
chloric acid, phosphoric acid 
acid mixed acid, 
have been studied. (1) Below 100 
there difference between lead anti- 
mony alloys resistivity against sul- 
furic acid. boiling point, lead and 
lead-antimony alloys were corroded 


ENGINEERING 


Electro Rust-Proofing Corp. 
Engineering Division 


Cathodic Protection Design 
Plans Specifications 


Electrolysis Control 
Testing 
BELLEVILLE NEW JERSEY 


CATHODIC PROTECTION 


ENGINEERING 
SURVEYS CONSTRUCTION 


Systems for conventional and 
specialized applications 


THE HARCO CORPORATION 


4592 East St. VUlcan 3-8787 
Cleveland 25, Ohio 


CORROSION ENGINEERING 


SURVEYS DESIGNS SPECIFICATIONS 
Impartial Evaluation 
THE HINCHMAN 
CORPORATION 


Engineers 
Francis Palms Detroit Mich. 


CORROSION SERVICE LIMITED 
Offers CANADA 


A Complete Service in Corrosion Engineering 
Design and Cathodic Protection 
Systems. 

Resistivity and Electrolysis Surveys 
Selection and Application of Protective Coatings. 


Dundonald St., Toronto, Canada 


CORROSION ENGINEERING 


EBASCO SERVICES 


INCORPORATED 


TWO RECTOR STREET, NEW YORK 6, N. Y. 
CHICAGO DALLAS PORTLAND, ORE. 
SAN FRANCISCO * WASHINGTON, D. C. 


Interprovincial 
Corrosion Control 


| 
Company Limited 
Head Office: Box 167, Burlington, Ont. 
100 Examiner Bidg., Calgary, Alta. 
CANADA 


Surveys & Design 
Installations 


CONSULTING 
ENGINEERS 


your shield against corrosion 


PROVEN EXPERIENCE 
installation, Field Survey, Design 
RECTIFIER SYSTEMS GALVANIC ANODES 

YOU CAN RELY RIO 


70% respectively. (2) 
alloys containing more than anti- 
mony showed high resistance sulfuric 
acid ammonium sulfate solution 
pure lead corroded severely. (3) 
showed sufficient resistance sulfuric 
acid-nitric acid mixed acid 100 
lead-antimony alloys are inferior pur: 
lead this respect. (4) 
acid concentration below 5%, lea 
and lead-antimony alloys are corrosion- 
and lead-antimony alloys were corrode: 
concentrated phosphoric acid ove 
60%, but showed corrosion resistance 
phosphoric acid-sulfuric acid mixed acid 
—JSPS. 


6.3.10 


Nickel Alloys for Controlled Thermai 
Expansion. Wise. Inco. 


28, No. 17, 68-71 (1957) 


DIRECTORY 


SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 


Essex Bldg. 
Narberth, Pa. 


119 Ann Street 
Hartford Conn. 


SOUTH FLORIDA TEST SERVICE 
INCORPORATED 


Engineers 


Consultants and corrosion, 
weathering and sunlight testing. 


4301 N.W. 7th St. Miami 44, Florida 


FRANCIS RINGER ASSOCIATES 


Consulting 
Corrosion 
Engineers 
Hampden Ave. MOhawk 4-2863 
NARBERTH Phila.) 


WATER SERVICE LABORATORIES, INC. 


Specialists 


Water Treatment 
VEN SS 


Main Office, 615 West 


Offices Also in and 
Richmond, 


Reach more than 8000 paid 
readers monthly this di- 


rectory cost about 
$1.50 per thousand. Ask for 
rates. 
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Cut Maintenance 
and Replacement Costs 


the Coal Tar Tape Coating 
that Adds Years Service Life 
Gas Lines 


wonder more and more distribution 


engineers are selecting TAPECOAT prod- 
ucts important part their program 
fighting underground corrosion! Experi- 
ence shows that quality protection applied 
during installation prevents huge mainte- 
nance and replacement expense later 
dates. 

Since 1941 when TAPECOAT originated 
coal tar coating tape form, has proved 
the best protection money can buy for 
combatting corrosion underground under 
water. Lines service TAPECOATED 
far back years ago show signs 
deterioration record uninterrupted 
service other type tape can match. 

TAPECOAT comes rolls 2”, 3”, 
18” and 24” widths—sized the job for 
protecting pipe, pipe joints, couplings, fit- 
tings, tanks, conduit, cable and tie rods. 
TAPECOAT both bond and protection 
one—easy apply with the flash 
torch. 


Write for brochure today. 


When primer specified, use Prime- 
coat, the compatible coal tar primer. 


the TAPECOAT 


1529 Lyons Street, Evanston, 
Representatives Principal Cities 


Manufactured and distributed Canada The Tapecoat Co. Canada, Ltd., Haas Road, Rexdale, Ontario 
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Review shows that nickel alloys pro- num brake drum, and high-nickel cast 
vide potent design tool combining insert aluminum piston—INCO. 
several levels 16411 
with wide range thermal expansion 6.3.11, 8.4.5 
characteristics. Considered are: low-ex- Silver-Indium-Cadmium Could Re- 
pansion alloys (nickel-iron compositions place Hafnium for PWR Control Rods. 
Kovar, cobalt-chromium-iron alloys and Westinghouse Electric Corp. Nu- 
400 series stainless steels); 16, No. 122-127 (1958) Au- 
sion alloys (Inconel, Monel, nickel-cop- 
per, nickel-chromium and 200 and 300 The results tests made silver- 
series stainless steels); nickel cast irons indium-5 cadmium alloy 
(Ni-Resists); bimetals; and glass-metal indicate that could replace hafnium 
seals. Table lists average thermal ex- control rods 
pansion coefficients 300 and 650 reactor cores. The effectiveness 
Graphs show inflection temperature and the alloy for neutron capture 99% 
loys and comparison resistance. The alloy has suf- 
cients nickel cast irons. Applications 


ficient yield strength resist scram- 
shown are nickel cast iron-lined alumi- loads PWR control rods. There 


STAINLESS 
CLEAN CLEAN CAN 


The 3200 pound, foot stainless steel pipe section shown above 
example the piping used the nation’s largest atomic power 
plant. The pipe was fabricated Houston Southwest Fabricating and 
Welding Company. Before being shipped, every inch each pipe section was 
thoroughly inspected sure that was completely free all dirt, mill scale, 
oxides, metal elements, and similar deposits. There could guesswork. The 
pipe had hospital clean. guarantee that their piping was clean 
clean could be, Southwest called the Nowery Smith Co. 

The Smith corrosion prevention specialists have cleaned passivated 
1190 feet the steel pipe date. Pipe ranging inches diameter, with 
wall thicknesses 1.220 inches, was polish-blasted and then passivated ASTM 
specifications preserve cleanness. 

corrosion factor the work-life your equipment consult with 
the Nowery Smith Company during the design phase your project. Think 
Nowery Smith Co. for Hot-Dip Chemical 
Plastic Applications Linings. 


LARGEST HOT-DIP GALVANIZERS THE SOUTHWEST 


NOWERY SMITH CO. 


8000 HEMPSTEAD HIGHWAY BOX 7398 
HOUSTON TEXAS UNderwood 9-1425 
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change appearance and mechani- 
cal strength improves with irradiation. 
The melting, forging, extrusion and 
machining are readily performed. The 
alloy would preferable hafnium 
because greater availability and lowe: 


6.3.11, 4.7 

Iridium High-Temperature Ma- 
Metals Review, 83-85 (1958) July. 

Iridium crucibles were completely re- 

The crucibles lost weight slightly 
during use and became etched ap- 
pearance, whether they held slags 
metal. The metal grains 
losses iridium were: 0.0002 into 


6.3.13, 3.2.2 

Fragility Tantalum the Presence 
Hydrogen Ambient Temperatures. 
(In French.) Auguste Clauss and Hu- 
bert Forestier. Compt. rend. 246, 3241- 
3243 (1958) June 

Experiments with tantalum wires from 
two sources are described. was found 
that hydrogen embrittlement manifested 
itself only during deformation. The de- 
crease resistance drawing varied 
with the rate application force. 
Study the modulus torsion showed 
that hydrogen does the area 


6.3.15, 2.3.9, 3.7.4, 3.7.3 

Metallography Titanium Alloys. 

Memorial Inst. for Assistant Secretary 
Defense for Research and Engineer- 
ing. May, 1958, pp. Available from 
Office Technical Services, Dept. 
Commerce, Washington 25, 
(Order 121645). 

general description titanium 
position and thermal treatment given 
this report. Specific illustrations and 
microstructures commercial alloys 
they are affected fabrication and 
thermal treatments are also given. 
index included for the various struc- 
tures illustrated sections com- 
mercial alloys. glossary terms used 
describing titanium microstructures 
also presented, along with description 
methods preparing titanium sam- 
ples for metallographic examination.— 
OTS. 16598 
6.3.15, 3.5.9, 3.8.4 

Oxidation Titanium-Iron Alloys 
Air High Temperatures. (In Japa- 
nese.) Morinaga Takuichi, Miura Ishi 
and Takaai Tetuya. Light Metals, No. 
30, 42-52 (1958) May. 

Investigated measuring the weight 
change due formation oxidation 
layers. Specimens were Kroll titanium, 
iron, iron, iron and iron 
alloys heated air 600, 700, 800 and 
900 The parabolic rate law was appli- 
cable the oxidation Kroll titanium 
and titanium-iron alloys the range 
600-900 Activation energies were cal- 
16641 
6.3.15, 4.3.5, 4.7 

Corrosion Titanium and Titanium- 
Base Alloys Liquid and Gaseous 
and Miller. Battelle Memorial 
Inst. April 30, 1958, pp. Available 
from Battelle Memorial Inst., Titanium 
Metallurgical Lab., Columbus, Ohio. 

Unalloyed titanium and four titanium- 
base alloys were subjected simple 
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oreliminary corrosion evaluation 
liquid and gaseous fluorine tempera- 
tures between —320 and +220 All 
materials exhibit promising corrosion 
resistance under the test conditions. 
More elaborate experiments would 
desirable fully establish the utility 


titanium fluorine service. (auth)— 
NSA. 16509 


§.3.15, 3.6.6, 2.3.5, 4.3.6 

The Galvanic Corrosion Properties 
Titanium and Titanium Alloys Salt- 
Spray Environment. Stough, 
Fink and Peoples. Batelle 
Memorial Institute. October 25, 1957, 
pp. Available from Titanium Metallurgi- 
cal Lab., Battelle Memorial Inst., Co- 
lumbus, Ohio. 

has been found, galvanic couple 
tests, that commercially pure titanium 
and four titanium 
accelerate the corrosion magnesium 
alloys, aluminum alloys, and mild steel 
and straight chromium stainless steel 
salt-spray environment. These same 
titanium materials showed little 
galvanic effect when coupled 18-8 
stainless alloy, Monel, 17-7PH stain- 
less steel this environment. These 
experiments also indicated that titanium 
has slightly less tendency promote 
galvanic corrosion than 18-8 stainless 
steels when compared under salt-spray 
conditions. (auth)—NSA. 16278 


6.3.15, 1.4 
Compilation Available Information 
Titanium-6 Aluminum-4 Vanadium 
Alloy. Douglass and Hol- 
den. Battelle Memorial Inst. Feb. 28, 
1958, 185 pp. Available from Battelle 
Memorial Inst., Titanium Metallurgical 


Lab., Columbus, Ohio. 
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Available data fabrication, corro- 
sion, heat treatment, mechanical proper- 
ties and metallurgy titanium-6 alumi- 
num-4 vanadium alloy are summarized. 
references.—NSA. 16482 


6.3.15, 8.10.2 

Evaluation Extrudability Tita- 
nium Alloys and Alloy Steel. Tesmen 
and George Birman. Loewy Hydropress 
Div., Baldwin-Lima-Hamilton Corp., 
New York, 1957, 119 pp. Atomic 
Energy Commission Pubn., Contract 
DA-30-069-ORD-963. 

total 160 commercially pure and 
titanium alloy billets and steel billets 
were extruded under various conditions 
4000 ton press using 6.9 in. diame- 
ter billets. The extrudability these 
metals reported terms extrusion 
pressure function reduction ratio, 
extrusion temperature and two lubrica- 
tion practices. Effects glass lubrica- 
tion are compared with those 
practice employing graphite-molybde- 
nite grease. promising method ex- 
truding titanium without lubrication was 
developed. (auth)—NSA. 16423 


6.3.17, 3.4.6, 3.5.9 

Final Report the Results Ex- 
posure Tuballoy (Uranium) Ele- 
vated Temperature Air, Nitrogen, 
and Neutral Atmospheres. Lind- 
lief and Holm. National Bureau 
Standards. Atomic Energy 
Commission Pubn., CT-2733, Feb. 10, 
1945 (Declassified Feb. 20, 1957), 
pp. Available from Office Technical 
Services, Washington, 

Uranium oxides UO; and were 
the products air oxidation uranium 
temperatures between 100 and 500 
The oxides formed protective coating 
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Nitrogen reacts with uranium tem- 
Two physically distinct forms 
the nitride which was rapidy oxidized 
exposure air high tem- 
peratures were formed. Uranium was 
annealed the and ranges puri- 
fied argon and hellium and high vac- 
uum; true anneal was observed 
16209 


6.3.17, 4.3.5, 5.8.1 

The Inhibition Hydrogen Corro- 
sion Uranium. Krieg and 
Napier. Bennett, editor. Union 
Carbide Nuclear Co., Y-12 Plant. 
Atomic Energy Commission Pubn., 
1151, Dec. 12, 1957, pp. Available 
from Office Technical Services, 
Washington, 

The results series qualitative 
uranium-hydrogen corrosion tests are 
presented. The effects surface treat- 
ment and inhibitive agents the cor- 


rosion reaction are discussed. (auth)— 
SA. 16232 


6.3.17, 3.7.2, 3.7.3, 4.6.2 

Corrosion Evaluation Binary Ura- 
Berry and L.. Foster, Jr. Battelle 
Memorial Inst, Atomic Energy 
Commission Pubn., BMI-971, Dec. 27, 
1954 (Declassified Mar. 1957), pp. 
Services, Washington, 

The corrosion behavior boiling 
water number uranium binary 
alloys was determined. Additions rang- 
ing from at.% some ele- 
ments and effect heat treatment 
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you have buried submerged metal structures (pipe 
lines, oil and water storage tanks, etc.) CORROSION 


The corrosion can stopped. Not magic... but the 
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Harco will provide you with the facts. They will provide 


the necessary testing, drawings, 
tion. costs you nothing check with HARCO engineers. 


Write phone today... 


THE HARCO CORPORATION 


Cleveland 25, Ohio 


and installa- 


CATHODIC PROTECTION DIVISION 


National Carbon graphite anodes Duriron anodes Rectifiers Cadweld brazing equipment Polyken other materials. 


ation. 

and 
The 
nium 
nun 
ly. 
1500 
htly 
aled 
into 
res. 
ce. 


corrosion resistance were investigated. 
The alloying was done arc fur- 
nace designed particularly expedite 
melting large number alloys. 
Melting characteristics, fabrication tem- 
peratures and heat-treatment tempera- 
tures for each alloy were noted. Vickers 
hardness numbers all alloys and data 
grain size the more corrosion 
resistant alloys were 


(auth)—NSA. 16313 


6.3.17 

Uranium Alloys: Their Preparation 
and Fabrication Zircaloy-2 Clad Fuel 
Rods. Haynes. Westinghouse 
Electric Corp. Atomic Energy 
Commission Pubn., WAPD-133, Jan. 31, 
1956 (Declassified Feb. 1957), pp. 
Available from Office Technical Serv- 
ices, Washington, 

Alloys uranium-niobium, uranium- 
niobium-platinum, 
num 
num were successfully duplex melted. 
These alloys were co-extruded Zirca- 
loy-2, cold drawn and swaged 0.304- 
in. diameter.—NSA. 16204 


6.3.19, 3.5.8, 3.8.4 
Corrosion Studies. Pt. XII. The In- 
fluence Tensile Stress the Rate 
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Solution Metals (In Ger- 
man.) Sekerka and Coll. 
Czechoslov. Chem. Commun., 22, No. 
705-711 (1957) June. 

Zinc (98.5%) wires 1.0 diameter 
were immersed normal ammonium 
chloride plus ammonium hydroxide so- 
lutions for periods hours with and 
without tensile stress. The corrosion 
was indicated the concentration 
obtained polarographic analysis 
the solution and the results indicate that 
stress increases the corrosion rate, the 
effect being partly reversible the elas- 
tic region, but permanent the plastic 
range. Experiments 25, and 
are used show increase Arrhe- 
nius frequency factor with stress. Ex- 
periments with copper wires gave re- 
sults which were not consistent. The 
phenomenon discussed terms 
the generation new surfaces and 
breaks the original surface film. 
references.—MA. 16317 


6.3.20, 3.2.2, 8.4.5, 1.3 

Conditions for the Hydriding Zir- 
conium and Zircaloy. Interpretive 
Literature Survey. Shannon. Gen- 
eral Electric Co., Hanford Atomic Prod- 
ucts Operation. Atomic Energy 
Commission Pubn., HW-55460, April 
1958 (Declassified June 19, 1958), pp. 
Available from Office Technical 
Services, Washington, 

critical review was made the lit- 
erature available Hanford Atomic 
Products Operation March 25, 
1958, the hydriding zirconium and 
its alloys. failures zirco- 
nium and Zircaloy tubes and fuel element 
jacket are described. hypothesis 
set forth the necessary conditions for 
hydriding zirconium and its alloys. 
This hypothesis necessarily based 
secondary interpretation experiments 
largely designed for other purposes, and 
subject modification more direct 
experiments are completed. Conclusions 
drawn from this hypothesis should 
considered probabilities and not 
proven facts. One such conclusion 
that circumstances exist where the use 
Zircaloy jackets and tubes with ura- 
nium metal fuel elements could lead 
hydrogen embritttlement the Zirca- 
loy. Uranium metal reacts with water 


METHOD 


puts PERMANENCE pipe 


The Mayes Method combination 
three important factors that put 
longer life pipe. The first men— 
long skilled cleaning, coating and 
wrapping pipe. The second materials 
the highest quality which give longer 
life pipe. The third machines— 
modern machines used conscientious 
workmen that apply the finest mate- 
rials. Together they the 
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withstand whatever the elements have 
store for it. And after all, isn’t that 
what you are looking for? 


2-7566 


Vol. 


form considerable quantities hydro- 
gen, Under the proper conditions Zirca- 
loy can pick this hydrogen. Hydro- 
gen concentrations greater than 
ppm Zircaloy start cause 
embritttlement, and very high 
trations can cause loss all useful 
mechanical properties. High hydrogen 
contents can also impair the corrosion 
resistance the metal hot water. 
Water apparently inhibits the 
Zircaloy and this certainly reduce; 
the possibility hydriding damage 
water cooled system. However, 
metal excellent dehydrating agent. 
Thus, dry hydrogen can form and 
picked the Zircaloy. Once the 
conditions necessary for hydriding are 
clearly understood, should possible 
design the fuel elements and cooling 
systems that hydriding probabilities 
are minimized. (auth) references.— 
NSA. 16722 


6.3.20, 6.3.15, 8.4.5 

Recent Advances the Metallurgy 
Zirconium and Titanium Alloys Spe- 
cial Interest Reactor Technology. 
Adamson, Jr., Betterton, Jr., 
Frye, Jr. and Picklesimer. 
Oak Ridge National Lab. Atomic 
Energy Commission Pubn., A/CONF. 
15/P/1933, pp. Available from Office 
Technical Services, Washington, 

Prepared for the Second Inter- 
national Conference the Peaceful 
Uses Atomic Energy, 1958. 

Zirconium alloys are presently avail- 
able with better neutron and corrosion 
properties than any other known reactor 
material comparable strength and 
ductility. Progress has been made to- 
wards resolving some 
problems these and certain titanium 
alloys such fabrication and welding 
procedures, improved corrosion resist- 
ance under heavy particle bombard- 
ment, and the delineation burning 
hazards. Ultimately, alloy development 
may permit full utilization the strong 
binding forces these metals, indicated 
their high melting point 
vaporization, terms mechanical 
strength higher temperatures. More 
immediately, allows which are less sen- 
sitive and more resistant contamina- 
tion fabrication are urgently required 
reduce the cost preparing zirco- 
nium and titanium materials. (auth)— 


NSA. 16767 


6.3.20, 4.6.2, 3.7.2 

The Corrosion Zircaloy Base Fuel 
Alloys High Temperature Water. 
Stanley Kass. Westinghouse Electric 
Corp. Atomic Energy Commission 
pp. Available from Office Technical 
Services, Washington, 

The corrosion Zircaloy-base fuel 
alloys containing wt% uranium 
with and without the addition boron 
characterized the initial formation 
protective oxide, often followed 
breakdown the protective film and 
general spalling. general, the corro- 
sion resistance decreases with increasing 
uranium concentration. Zircaloy-2 base 
fuel alloys containing wt% ura- 
nium exhibit optimum corrosion resist- 
ance the as-fabricated condition. Zir- 
caloy-3 base fuel alloys containing 
wt% uranium exhibit best corrosion 
resistance after quenching from the 
high-temperature (950C) field. The ad- 
dition small amounts boron the 
Zircaloy-2 Zircaloy-3 base fuel alloys 
markedly affects the response corro- 
sion resistance with prior thermal his- 
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dro- ‘ory. alloys 
irca- the best corrosion properties 
dro- fast cooling from high (950C) tem- 
while the low-temperature 
(550C) treatment results the most 
cen- corrosion resistant forms the Zirca- 
alloys. 
NSA. 16575 
$1011 
iter. 6.3.20 
Progress Report Metallurgical 
Studies Zirconium Alloys. Period 
Covered November 15, 1957 February 
ent. Rubenstein and Schubert. 
Westinghouse Electric Corp. 
the Atomic Energy Commission Pubn., 
Feb. 15, 1958, pp. 
Available from Office Technical 
ties The structure, factors affecting the 
corrosion resistance, and effects vari- 
722 ous gas additions the properties 
Zircaloy-2 are described. Brief descrip- 
tions the work done subcontrac- 
tors metallurgical studies zirco- 
nium alloys are 16520 
6.3.20, 4.6.2, 8.4.5 
Corrosion Testing Zircaloy-2 and 
Zircaloy-3. Kass. Westinghouse Elec- 
tric Corp. Atomic Energy Com- 
mission Pubn., WAPD-TM-97, Octo- 
ber, 1957, pp. Available from Office 
Technical Services, Washington, 
Zircaloy-2 and Zircaloy-3 have found 
extensive applications water cooled 
and moderated reactors due their 
excellent corrosion properties high- 
temperature water and steam. These 
excellent corrosion properties are inher- 
ent the alloys; however, the corrosion 
behavior high-temperature water and 
steam greatly influenced sample 
surface preparation and the manner 
which the test conducted. This report 
concerned with the external factors 
influencing the corrosion behavior the 
zirconium 16213 
6.3.20, 2.4.3, 8.4.5 
Corrosion Test Procedure for the 
Selection Crystal Bar Zirconium for 
Use Naval Reactor Fuel Elements. 
Argonne National Lab. Atomic 


Energy Commission Pubn., ANL-4450, 
May 10, 1950 (Declassified Feb, 11, 
1957), pp. Available from Office 


Technical Services, Washington, 

Reliable test equipment and repro- 

ducible corrosion test procedure have 
been developed for the inspection and 
classification crystal bar zirconium 
for naval reactor fuel elements. Every 
bar examined and classified 188- 
hour high-temperature water corrosion 


test. This procedure has been instituted 
Argonne National Laboratory and 
use the producers crystal bar 
zirconium, the Foote Mineral Co. (auth) 
—NSA. 16301 


6.3.20, 4.7 

The Corrosion Resistant Properties 
Zirconium, Pt. Cox. Corrosion 
Prevention and Control, 46-48 (1958) 
June. 

Summarizes resistance zirconium 
liquid bismuth, bismuth-indium-tin 
eutectic, bismuth-lead eutectic, bismuth- 
lead-indium eutectic, gallium, lithium, 
mercury and sodium. Galvanic corrosion 
and corrosion gases. references.— 


MR. 16449 


6.3.20, 8.4.5, 1.3 
Tabular Zircaloy-2 In- 
Pile Rocking Autoclave Corrosion Data. 


Davis. Oak Ridge National Lab. 
Atomic Energy Commission 
Pubn., CF-58-6-92, June 18, 1958, pp. 
Available from Office Technical 
Services, Washington, 

tabular resume the data from 
in-pile Zircaloy-2 rocking autoclave cor- 
rosion experiments performed since Au- 
gust 1954 presented. Included are data 
concerning solutions used the speci- 
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mens before and after the reactor ex- 
posure, sample treatment prior irradi- 
ation, conditions during exposure, data 
oxygen consumption and specimen 
weight losses, and miscellaneous data. 
—NSA. 16497 


6.3.20 

Zirconium Highlights. Westinghouse 
Electric Corp. Atomic Energy 
Commission Pubn., WAPD-ZH-1 and 
WAPD-ZH-2, Nov., Dec., 1957, pp. 
and pp. Available from Office 
Technical Services, Washington, 

These two reports were issued sepa- 
rately, but are cataloged unit. 

The following investigations Zir- 
caloy were made: hydrogen analysis; 
vacuum vs. atmosphere melting; micro- 
structural appearance stringers; alpha 
alpha-plus-beta transformation tem- 
perature; cold-swaging; metallographic 
etchant; sulfuric acid rinsing after pick- 
ling; occurrence excessive grain 
growth; anodizing technique for 
determining the origin stringers; cal- 
culation the diffusion gaseous con- 
taminants; and effect removal sur- 
face 16401 


6.4 Non-ferrous Metals 
and 


6.4.2, 8.8.5, 2.3.4 

Corrosion Aluminum Die Castings. 
Colwell and Kissling. Paper 
before Am, Foundrymen’s Society, 
Annual Mtg., Cincinnati, May 6-10, 1957. 
Trans. AFS, 65, 140-145 (1957); Mod- 
ern Castings, 32, No. 51-52 (1957) 
July. 

Alternate immersion corrosion tests 
were made aluminum die castings 
sodium chloride-hydrogen peroxide so- 
lution. Tensile and impact bars were 
immersed for seconds every min- 
utes for periods days. Standard 
properties tensile strength, 
yield strength, elongation and Charpy 
impact strength were determined after 
exposure and weight loss was measured 
both types test bars. Silicon alloys 
have superior corrosion resistance and 
silicon-magnesium inferior 
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corrosion resistance. Silicon-copper 
loys are intermediate. Iron beyond 1.3 
should avoided for best corrosion re- 
sistance. Zinc 2-2% has 
ful effect corrosion resistance, 
verified this severe test and ma- 
rine atmosphere Beach), 
Best resistance corrosion, far 
regular die-casting alloys are concerned 
found with straight silicon alloys, 
Tables, 16151 


6.4.2, 8.1.2 

The Corrosion Behavior Aluminum 

the Construction Industry. 
Whiting and Godard. Eng. J., 41, 

45-54 (1958) June. 

The general corrosion behavior alu- 
minum alloys used the construction 
industry and the influence environ- 
mental factors their performance are 
discussed. The most common criteria 
for the evaluation corrosion resistance 
are: (1) time perforation; (2) loss 
strength; (3) impairment appearance 
and (4) contamination product. For 
roofing, flashings and hot water tanks, 
resistance perforation most im- 
portant. the other hand structural 
member can perforate without serious 
loss strength and, this case, resist- 
ance mechanical failure most impor- 
tant. With metal curtain-walls, windows, 
store fronts and other architectural 
items, resistance impairment ap- 
pearance the important and desirable 
property. Contamination product 
metal pickup not usually prob- 
lem the construction 
though often critical chemical 
and food processing equipment. Be- 
havior aluminum natural environ- 
ments discussed, Behavior alumi- 
num contact with the following classes 
building materials discussed: (1) 
wood sheathing and building board; (2) 
concrete masonry and other alkaline 
building materials; (3) steel, copper and 
other metals; (4) insulating materials; 
(5) joint-caulking materials; (6) mastic 
compounds; (zinc white oil; white 
lead, lead wool). The atmospheric per- 
formance anodized, colored and por- 
celain enamelled aluminum evaluated. 
stated that aluminum preferred 
metal for many applications, suitable 
for most applications 
only for few. With good design, cor- 
rect choice alloys and normal care 
during installation, aluminum will give 
excellent service for wide range 
applications the construction industry. 
—ALL. 16716 


6.4.2, 4.6.2, 3.7.2 

Effect Alloy Elements the Cor- 
rosion Aluminium Water High 
Temperatures. (In Norwegian.) 
Videm. Teknish Ukeblad, 105, No. 18, 
409-414 (1958) May 

Very pure aluminum corrodes most 
rapidly water temperatures above 
130 the metal being attacked grain 
boundaries. addition alloy ele- 
ment, which produces phases cathodic 
with respect aluminum, the attack 
retarded. Addition iron nickel 
gives very good results. range 
alloys with varying admixtures iron 
and silicon was investigated, the best 
temperatures higher than this alloys 
with iron and nickel appeared 
16688 


6.4.2, 8.4.5 
Aluminum and Its Alloys. Bold. 
Nuclear Eng., 296-302a (1958) July. 
The application aluminum and its 
alloys canning materials for reactor 
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fuel elements considered, and the 

relevant physical, chemical and mechan- 

ical properties are discussed.—NSA. 
16744 


6.4.2, 4.2.7 

Experiences with Light Alloy Prod- 
ucts the Tropics. (In German.) 
Rauschert. Aluminium, 34, No. 406- 
409 (1958) July. 

The author was given the assignment 
carry out weathering tests, North- 
ern Brazil, with various aluminum prod- 
ucts. The investigations extended over 
wide range samples including in- 
struments, such cameras, ammunition, 
containers, suitcases, foil, aluminized 
fabric, etc. Good results were obtained 
with aluminum-manganese and alumi- 
num-3% magnesium alloys; the conven- 
tional methods protection, such 
anodizing, lacquer coating and applica- 


tion light oil proved effective. 
important, however, take local 
conditions into consideration, viz. tem- 
perature changes which may cause con- 
densation the interior containers 
and instruments, cracks the foil pack- 
aging where insects 
susceptibility unprotected moving 
metal parts corrosion and the action 
fungi. There general rule for 
the production aluminum goods used 
the tropics; intimate knowledge 
the local conditions paramount 
importance.—ALL. 16599 


6.4.2, 4.6.5 

Corrosion Aluminum Demin- 
eralized Water. Progress Report 
Problem Assignment No. TX5-12. 
Reid and Bornwasser. Clinton 
Labs. Atomic Energy Commission 
Pubn., MonT-348, July 24, 1947 (De- 
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classified Feb. 26, 1957), pp. Avail- 
able from Office Technical Services, 
Washington, 

Preliminary corrosion tests have been 
completed with aluminum exposed 
demineralized water water veloci- 
oxide concentrations from 0.05 0.0005 
molar with the maintained and 
from 3.0 6.5 with the peroxide 
concentration maintained 0.005 
The corrosion was studied tempera- 
tures between and 110 Corrosion 
rates determined weight losses 
were generally low. The highest rate 
obtained these tests was in/mo. 
The pitting was moderate severe; the 
maximum pitting rate observed was 0.018 
in. 166 hrs, (auth)—NSA. 16299 


6.4.2 

Experiences Obtained with Aluminum 
Alloys Giving Short Turnings. (In Ger- 
man.) Greutert. Aluminium Suisse, 
No. 41-47 (1958) March. 

Chemical, metallurgical, physical and 
technological data concerning four alu- 
minum alloys the Aludur group, de- 
veloped for the manufacture products 
machined the automatic lathe, are 
presented. The turnings which are 
tormed machining these alloys are 
relatively short and can removed 
continuously; this improves the efficiency 
the operation. The four alloys dis- 
cussed are Aludur 202 (aluminum- 
copper-lead-bismuth), Aludur 303 
(aluminum copper magnesium lead), 
Aludur 404 (aluminum-magnesium- 
silicon-lead) and Aludus 505 (alu- 
Rec- 
ommendations are given their 
respective fields 


6.4.2, 7.7 

Structural and Electrical Applications 
Aluminum Europe. Papers before 
Brit. Aluminum Development Assoc. 
Symposium, London, May 1957. Elec. 
Mfg., 61, No. 76-85, 310 (1958) May. 

Aluminum, because its combination 
properties, used electrical de- 
sign engineering for conductors, for 
cable sheathing and for structural equip- 
ment place steel, cast-iron and zinc 
base die castings wrought copper 
base alloys. may even supply its own 
insulating coating when the oxide film 
special significance recall that 
aluminum has gained highly impor- 
tant place the history the world 
less than years. Its industrial use 
rise even more remarkable when this 
life compared with over 300 years 
production and the thousand years 
copper and lead. Aluminum has been 
used Europe for over half century 
and has proved excellent con- 
ductor and constructional material, giv- 
ing trouble when used correctly. 
Compositions given some British alu- 
minum alloy castings used electrical 
equipment include nickel content. Pho- 
tos.—INCO. 16477 


6.4.2, 3.8.4 

Oxide Coatings Aluminum Wire. 
Defoe. Paper before Wire Assoc., 
Annual Convention, Chicago, October 
1957. Wire and Wire Products, 32, No. 
11, 1341-1343, 1401-1403 (1957) Nov. 

The mechanism the formation 
oxide films aluminum 
Initially film approximately 15-20 
thick may formed 10-40 minutes, 
subsequently humid atmospheres 
temperatures greater than 300 thick- 


June, 
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PROTECTION UNDERGROUND 
GAS DISTRIBUTION 


1947 anode comparison test* was sponsored 
the TP-3 Subcommittee the N.A.C.E. this test, 
four beds were installed the Mississippi Power and 
Light Company with various anode and backfill mate- 
rials. Each year one quarter the anodes were removed 
and inspected. 
Based this test, 80” graphite anodes carbon- GRAPHITE ANOD 
aceous backfill were installed protect the under- 
ground gas distribution lines March, 1951. These beds 
have been operation for more than years with little 
change current output. 
bed No. 23, anodes were installed coke breeze 
15’ deep holes spaced 15’ centers. The original bed 
protected approximately 12,600’ and 5,500’ 


hot coal tar enamel field coated steel gas lines. Addi- 
tional pipe has been installed the intervening years. 


The bed still putting out between and amps 5-7 
volts which sufficient give protective potential 
volts copper copper sulfate half cell. 


*See Report Four Annual Anode Technical Unit Committee T-2B 
Anodes for Impressed Current CORROSION, Volume 12, 1956, Page 47t. 


and Shield Device, and Carbide” are registered trade-marks Union Carbide Corporation 
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reached rapidly. Mean approxi- 
mately 3.4 g/cc and melting point ap- 
proximately 2000 The permittivity 
the film quited approximately 7.5. 
Films, 0.005 in. thick, artificially pro- 
duced the Alcan process anodizing 
aluminum wire, have dielectric strength 
150-300 16164 


6.4.2, 4.6.5 

Corrosion Aluminum Deionized 
Water. Progress Rept. for January 1957- 
April 1957. Dillon and Lob- 
singer. General Electric Co., Hanford 
Atomic Products Operation. 
Atomic Energy Commission Pubn., 
HW-49431, March 26, 1957, pp. Avail- 
able from Office Technical Services, 
Washington, 

Static and dynamic tests were made 
determine the effects flow, hydro- 
gen ion concentration, 
effect and inhibitors corrosion rates 
aluminum alloys. Autoclave studies 
were designed determine rates and 


6.4.2, 4.3.3 

Corrosion 2-S Aluminum Potas- 
sium Tetraborate Solution. Miller, 
Hanford Works. Atomic Energy 
Commission Pubn., HW-26928, Jan. 22, 
1953 (Declassified Feb. 28, 1957), pp. 
Available from Office Technical 
Services, Washington, 

laboratory test was conducted 
determine the feasibility using 
uninhibited solution potassium tetra- 
borate steam condensate material 
for pile ink The evaluation 
was made from the standpoints 2-S 
aluminum corrosion, the rate and com- 
position film build-up aluminum 
flow surfaces, and the change solu- 
tion composition. (auth)—NSA. 16248 


6.4.3, 8.10.2, 3.4.9, 3.4.6 

The Metallurgy Beryllium. 
Newnham. Research Applied Indus- 
try, 11, No. 185-191 (1958) May. 

Discussion beryllium mining 
and ore dressing, extraction methods, 
purification and powder metallurgy. 
Beryllium compares favorably with zir- 
conium far resistance attack 


the common industrial gases con- 
cerned, Unfortunately, the same cannot 
said resistance aqueous corro- 
Exposure water containing 
little 0.5 ppm chloride results 
wide spread pitting beryllium and 
severe corrosion occurs normal 
saline solution. This type attack 
accelerated presence dissolved 
oxygen, similar phenomenon being 
encountered with liquid sodium. Beryl- 
lium cannot safely exposed liquid 
sodium containing more than 0.01 oxy- 
gen. Health hazards associated with 
beryllium technology are discussed. 
Table giving typical impurity content 
vacuum-melted beryllium ingot includes 
nickel content. Photomicrograph, 
166 


6.4.3, 4.6.4, 8.4.5 

The Corrosion Hot-Pressed, Ex- 
truded and Vacuum Cast Beryllium 
Simulated Cooling Water for the Ma- 
terials Testing Reactor. James Reed. 
Oak Ridge National Lab. Atomic 
Energy Commission Pubn., ORNL-942, 
pp. Available from Office Tech- 
nical Services, Washington, 

The results stagnant tests de- 
termine the effects production 
method, surface cold work, water qual- 
ity and metal purity the corrosion 
resistance beryllium aqueous media 
are Distilled water, with and 
without added ionic impurities, contain- 
ing hydrogen peroxide (0.005 
was the corrosive medium.—NSA. 

16306 


6.4.4 

New Magnesium Alloys. 
Payne and Bailey. Metallurgia, 58, 
No, 346, 67-68 (1958) Aug. 

series magnesium alloys has re- 
cently been developed Stone and 
Co. (Charlton) Ltd., for which poten- 
tial usefulness has been demonstrated 
both cast and wrought conditions. 
Known the M.S.R. alloys, they con- 
tain silver, rare earth metals, zirconium 
and have higher proof stress figures 
than existing magnesium alloys. The 
alloys now being offered for casting 
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purposes contain 1-3.5% silver, 1-3.5% 
metals and 0.4-1% zirconium. 
Proof stresses exceeding 13% tons/sq 
in. have been obtained. The M.S.R. 
alloys have good casting qualities and 
are free from hot-tearing hot-crack- 
ing tendencies. They are fully weldable. 
Pressure tightness good, with other 
magnesium-R.E.-zirconium alloys, and 
the alloys show resistance creep 
comparable with that ZRE1 MCZ 
200 The corrosion resistance 
not significantly different from, and no: 
inferior to, that some other magne- 
sium alloys regular use, The alloys 
stress corrosion. The use two-stage 
heat-treatment processes promote high 
degree uniformity properties 
thin and thick sections castings anc 
good correspondence between 
and the properties separately 
test 


6.4.2, 3.7.2, 3.4.9, 3.5.9, 3.2.2 

High Temperature Aqueous Corrosion 
Grant. Argonne National 
Atomic Energy Commission Pubn., 
CONF.15/P/114, pp. Prepared for 
the Second International Confer- 
ence the Peaceful Uses Atomic 
Energy, 1958. Available from Office 
Technical Services, Washington, 

has been shown that exposure 
commercial aluminum alloys water 
elevated temperature results inter- 
granular attack and rapid deterioration. 
was also shown that alloying alumi- 
num with nickel and iron largely pre- 
vents this type attack. Since that time 
considerable amount testing has 
been done several laboratories, 
determine some detail the corrosion 
behavior this type The one 
that has received the most attention 
alloy X8001, made the addition 
nickel American commercially 
pure metal (known alloy 1100). Typi- 
cal significant impurities are 0.5% iron, 
0.1 0.3% silicon and the order 0.1% 
copper. previously indicated the iron 
desirable constituent alloy X8001. 
Efforts were made develop other 
alloys with better corrosion resistance. 
description presented the present 
state progress these objectives. 
Some the results have been previ- 
ously described; some are reported here 
for the first time. (auth)—NSA. 16781 


6.4.2, 8.2.2 

The High Abrasion-Resistance 
Aluminum and Aluminum Alloys Dem- 
onstrated the Service Records 
Coal-Driers. (In French.) Pierre Ban- 
det. Rev. Aluminium, 35, No. 253, 437 
(1958) April. 

Coal driers used thermal power 
generating stations usually consist 
plurality rotating circular platforms 
which the powdered coal moved 
means scrapers. The conventional 
material for such platforms 
However, the resistance steel the 
combined mechanical and chemical ef- 
fects coal very limited; fact, the 
service life plates thick seldom 
exceeds one year. Experimenting 
France with 24S aluminum alloy was 
found that after two years service 
the aluminum platforms were still 
perfect condition. Thus, the industry 
began switch over aluminum alloy 
drying platforms. result this 
move about 1,200 aluminum drying units 


have been ordered far—ALL. 16777 
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6.4.2, 5.4.8, 3.6.8, 8.9.5 


the Corrosion Aluminum Alloy 
Ship Bottom Paint and Its Preven- 
tion. Ito. Corrosion Engineering 
(Japan), No. 29-33 (1958) March. 

The use aluminum alloy ship 
hull plate might lead the necessity 
ship bottom paint which does not 
corrode aluminum. Anti-fouling paint, 
containing copper, corrodes aluminum 
forming local cell caused copper 
precipitate the defect paint film. 
test using macro corrosion cell 
aluminum alloy and copper similar 
the above local cell, showed that the 
corrosion the aluminum alloy could 
and that use zinc 
metal most suitable for this purpose. 
was also found that can protect 
effectively the corrosion aluminum 
alloy ship bottom paint containing 
copper toxic 16567 


6.6 Non-Metallic Materials 


6.6.4, 3.5.9, 3.4.6 


Graphite-Based Materials for High 
Temperature Applications. Period cov- 
ered: month period through July 31, 
1957. Janes. Natural Carbon Com- 
pany for Wright Air Development 


126a 


Center, Technical Report No. 57-602, 
Dec. 1957, pp. Atomic Energy 
Commission Pubn., Contract 

Recent aerodynamic developments re- 
quire which will endure 
under conditions high heat flux with 
consequent high surface temperatures 
and high flow oxidizing gas rela- 
tive body the material. Surface 
temperature rise may quite rapid, 
that the material must 
ance thermal shock, Graphite has 
outstanding high temperature strength, 
high sublimation temperature and ex- 
cellent thermal shock resistance com- 
However, quite reactive with oxy- 
gen other oxidizing gas high 
temperatures and high relative gas flow 
rates. The results first year 
program compare the oxidation, with 
accompanying erosion, graphite pre- 
pared with variation raw materials 
graphite with metals, carbides and com- 
pounds such calcium fluoride are 
summarized. Three different procedures 
for testing oxidation-erosion resistance, 
varying principle and 
were developed and used. Two proce- 
dures for evaluating relative thermal 
shock resistance are described. Graphite 


materials prepared the variations 
raw materials and processing 
evaluated, show relatively minor differ- 
ences oxidation-erosion rate. Removal 
catalytic impurities substantially re- 
duces the rate oxidation any por- 
tion the specimen subjected 
relatively low temperature oxidation. 
Combinations graphite with various 
carbides such those boron and 
titanium together with silicon carbide, 
with the carbide incorporated through- 
out the body, have shown considerably 
improved oxidation resistance in- 
termediate temperature range (to about 
1700 C). appears possible that fur- 
ther development will extend 
bility these materials higher tem- 
peratures. (auth)-—NSA. 16222 


6.6.5, 4.3.6 


Corrosion Reinforcing Steel Con- 
crete Marine Atmospheres. 
Lewis and Copenhagen. Afri- 
can Industrial Chemist, 11, 207-219 
(1957) October. 

ing steel concrete, causing concrete 
spall off, constitutes major problem 
South Africa, particularly coastal 
areas. shown that reaction proceeds 
electro-chemical mechanisms whose 
emf.’s derive from differences pH, 
aeration other factors but whose 
severity influenced mainly the 
presence sodium chloride the con- 
Accelerated corrosion tests salt 
spray cabinet using steel reinforced 
mortar specimens have indicated that 
factors considerable significance are 
cover the steel, protective coatings 
the mortar, curing, cement content and 
water:cement ratio mortar. Effects 
these variables corrosion steel 
are discussed. Comprehensive series 
both accelerated and natural exposures 
progress outlined. Consideration 
corrosion prevention covers: location 
structure, design, characteristics the 
concrete, aggregate surface 
coatings, metal treatment, cathodic pro- 
tection and inhibitors; application 
latter two are not recommended this 
stage. 
curves for steel cement extracts con- 
taining 0.5-10.0 sodium chloride; effect 
surface condition steel poten- 
tial; time-potential curves for steel 
various neutral salt solutions (up 
sodium chloride solution); pH, salt and 
incidence 16221 


6.6.6, 7.1 


Refractory Alloys for Aeronautical 
Gas Turbines and Their Corrosion. (In 
French.) Marcel Mathieu. Age 
aire, No. 77-86 (1958) March-April. 

Quality requirements refractory 
metals used for gas turbines. The modi- 
fied heat 
80/20 alloys. Cobalt-chromium 
alloys. Dry corrosion; scaling. Corro- 
sion cobalt-base alloys—BTR. 16552 


6.6.6 


Refractory Metals: Tungsten, Tanta- 
lum, Columbium and Rhenium. 
Pugh. General Electric Co. Metals, 
10, 335-339 (1958) May. 

analysis the status and progno- 
sis the refractory metals tantalum, 
niobium, tungsten and rhenium with re- 
spect high-temperature applications 
reviewed. Tensile properties, creep- 
rupture strength, 
and oxidation resistant alloys and coat- 


ings are discussed.—NSA. 16606 
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DURIRON ANODES 
For more positive cathodic protection all types 
structures used throughout the petroleum industry, 


insist Duriron performs 


well graphite all the easy services, and far 


outperforms graphite when the going gets tough 


practical use backfill. Duriron anodes have proven 


their superiority for the protection pipelines, 


drilling rigs, well casings, storage tanks, and similar 


structures. For real protection, get Duriron. 


Cable os 
specified 


Sealing Compound lead 


Tinned Wires 


STANDARD ANODE SIZES 


Type Type Area Weight General 
Anode Size Sq. Ft. Application 
Two Polyethylene aseaiatiiiin Polyethylene Fresh Water 
Compression Washers End Plug 
* 
Two Polyethylene | 2.0 | 25 | Ground Bed 
Compression Washer: 
lead _ 
Types E,J&M 


*Applicable also fresh water service. Should not used ground 
beds without backfill. 


Types 8,C &D 
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MOISTURE ABSORPTION—GRAMS 


chart above, prepared independent 
pipeline engineer*, shows why overwhelm- 
ing majority pipeline owners and operators 
select coal tar enamels protect their under- 
ground investment. other coating material 
can begin match the ability coal tar enamel 
resist moisture absorption. 


Field tests show that “economy type” 
coating exhibits constant moisture absorption 
increase. The continuously increasing cost 
cathodic protection soon eats any first-cost 
savings material. Peeling and deterioration 
eventually require expensive reconditioning. 

why risk the chance costly failures with 
“economy” coating other protection 
methods not proved time? Specify CHEM 


PITT Coal Tar Pipeline Enamels 


CHEM Gilsonite-Asphalt Coatings 


PITT CHEM Coal Tar-Epoxy Resin Coatings 
PITT CHEM Coal Tar Coatings 


PROTECTIVE COATINGS COAL CHEMICALS PLASTICIZERS ACTIVATED CARBON CEMENT COKE PIG IRON FERROMANGANESE 


This Moisture Absorption Comparison Shows Why 


Most Pipelines are Protected COAL TAR ENAMELS! 


Coal Tar Coatings and sure economical, 
long-lasting protection. 

CHEM maintains full-time staff field 
service men work with your field men the 
efficient application pipeline enamels. Write 
about your protection requirements today! 


*Name upon request 
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